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57 ABSTRACT 

A polarizing beam Splitter extracts orthogonally polarized 
light beams from natural light and distributes those to liquid 
crystal panels, which modulate polarization States of those 
polarized light beams in accordance with a luminance Signal 
and chrominance signals of video signals, respectively. The 
modulated light beams are combined by the same polarizing 
beam splitter, and the combined light is enlarged and pro 
jected onto a Screen by a projection lens, to reproduce a 
projected image. 

14 Claims, 17 Drawing Sheets 
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PROJECTORAPPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a projector apparatus 

using liquid crystal panels as a light modulating means. 
More particularly, the present invention concerns a projector 
apparatus which employs an optical System in which optical 
elements for absorbing light, Such as a polarizer, an analyzer, 
and a color filter, are not disposed in the path of the optical 
System, and the light which does not contribute to the 
formation of a projected image is returned to a light Source 
So as to be reutilized. 
More specifically, the present invention concerns a pro 

jector apparatus provided with an optical System which has 
the following characteristic features: Preprocessing of light 
is effected in which two beams of polarized light which are 
perpendicular to each other are obtained from emergent light 
(i.e., natural light or light in which various states of polar 
ization are mixed) from a light Source by using Such as a 
polarizing beam Splitter as a polarizing optical means. 
Concurrently, the two beams of the polarized light which are 
perpendicular to each other are distributed to light modu 
lating means for Video signals. At this time, Since the 
directions of polarization are already Set in the preprocessing 
of the light, the directions of polarization of the light are 
controlled on the basis of Video signals for each color 
without using optical elements which absorb the light (by 
approx. 50%), Such as a polarizer and an analyzer for 
arranging the direction of polarization before and after the 
light modulating means. In this configuration, the two beams 
of the optically modulated light are optically combined by 
the polarizing beam splitter. A light distributing means and 
a light combining means are formed by the Single polarizing 
beam splitter, So that the configuration provided is Such that 
the polarized light which does not contribute to the image 
formation can be returned to a light collecting means So as 
to reutilize the light from the light Source. 

2. Description of the Related Art 
FIG. 26 shows a Schematic diagram of an optical System 

of a conventional video projector apparatus. 
In FIG. 26, reference numerals 10 and 10A denote lamps; 

11 and 11A denote reflecting mirrors; 1 and 1A denote 
projecting light Sources constituted by the lamp 10 and the 
reflecting mirror 11, and the lamp 10A and the reflecting 
mirror 11A, respectively; 700, 700A, 700B, and 700C 
denote polarizers, 640 denotes a high-resolution liquid crys 
tal panel; 2 denotes a luminance-signal light modulating 
means constituted by the high-resolution liquid crystal panel 
640 and the polarizers 700 and 700A; 630 denotes a low 
resolution liquid crystal panel, 32 denotes a color filter, 3 
denotes a chrominance-signal light modulating means con 
stituted by the polarizers 700B and 700C, the low-resolution 
liquid crystal panel 630, and the color filter 32; 4 denotes a 
projection lens for enlarging and projecting an image formed 
by the luminance-signal light modulating means 2 onto a 
Screen 6; and 4A denotes a projection lens for enlarging and 
projecting an image formed by the chrominance-signal light 
modulating means 3 onto the Screen 6. Here, the aforemen 
tioned liquid crystal panels 630 and 640 are, in general, 90 
twisted nematic (TN) liquid crystal panels. 

FIGS. 27A and 27B illustrate the operation of the 90° 
twisted nematic (TN) liquid crystal panel (Kobayashi: 
“Color Liquid Crystal Display,” Sangyo Tosho Shuppan Co., 
Ltd., 1st edition on Dec. 14, 1990, page 1). FIG. 27A shows 
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2 
a State in which, when the Voltage applied to the liquid 
crystal panel is off (=0), of the emergent light, the polarized 
light aligned with the direction of a polarizing plate (or 
polarizer) is transmitted through the polarizing plate, is then 
twisted 90, and passes through an emergent-side polarizing 
plate (or polarizer or analyzer). On the other hand, FIG.27B 
shows the case where the Voltage applied to the liquid crystal 
panel is on, and shows that the incident light is shielded 
(blocked) by the emergent-side polarizing plate (or the 
polarizer or the analyzer). Incidentally, the description of the 
TN liquid crystal panel is given as an example in which the 
direction of polarization is controlled while maintaining the 
State of the linearly polarized light. 

Next, a description will be given of operation. The pro 
jecting light Sources 1 and 1A are constituted by the lamp 10 
and the reflecting mirror 11 and the lamp 10A and the 
reflecting mirror 11A, respectively, and emit white emergent 
light 101 and 101A which is substantially parallel. 

So-called white light Sources, Such as metal halide lamps, 
Xenon lamps, and halogen lamps, are used as the lamps 10 
and 10A. The reflecting surfaces of the reflecting mirrors 11 
and 11A are light collecting means, and are basically parabo 
loidal. As the light-emitting center of each of the lamps 10 
and 10A is disposed at the substantially focal position of the 
paraboloid, the emergent light 101 and 101A which is 
Substantially parallel can be obtained. The arrangement of 
each of the emergent light 101 and 101A shall be the same 
in the Subsequent embodiments as well. 
The emergent light 101 and 101A, which is natural light 

polarized in various directions, is made incident upon the 
luminance-signal light modulating means 2 and the 
chrominance-signal light modulating means 3, respectively. 
The natural light incident upon the respective modulating 
means is converted to linearly polarized light by the polar 
izer 700 or 700B, and after it is made incident upon the 
liquid crystal panel 640 or 630, the linearly polarized light 
is converted to a polarized State corresponding to the Voltage 
applied to the liquid crystal panel (e.g., elliptically polarized 
light). As a result, a linearly polarized light component 
oriented in a particular direction is obtained by the 
emergent-side polarizer (also called the analyzer) 700A or 
700C. As the light is thus transmitted through the respective 
modulating means, the light is Subjected to the control of the 
intensity of light, i.e., optical modulation. The light beams 
Subjected to the optical modulation are projected onto and 
combined on the Screen 6 by the projection lenses 4 and 4A, 
respectively, thereby forming an image. 

In the above-described configuration, if the polarizers 700 
(or 700B) and 700A (or 700C) are arranged with their 
polarization directions Set perpendicular to each other, the 
configuration becomes that of a So-called normally white 
System in which the Screen becomes a white Screen when the 
Voltage applied to the liquid crystal panel is Zero. If, on the 
other hand, if these polarizers are arranged with their polar 
ization directions Set parallel to each other, the configuration 
becomes that of a So-called normally black System in which 
the Screen is black when the Voltage applied to the liquid 
crystal panel is zero. FIGS. 27A and 27B, when viewed in 
this light, Show the configuration of the normally white 
System. 

Since the conventional apparatus is arranged as described 
above, more than 50% of the light from the lamps is 
absorbed by the polarizers, the color filter, and the like, and 
the quantity of light contributing to the image formation by 
the light modulating means using the liquid crystal panels 
decreases, So that the light has not been effectively utilized. 
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For this reason, there has been a problem in that it is difficult 
to obtain a bright image. Further, Since the light absorbed by 
the color filter and the like is converted to heat to increase 
the temperature of Such as the polarizers and the element 
fitted with the color filter, the polarizers or the color filter is 
liable to deteriorate, and the life of the polarizers has been 
Short as a result. 

In addition, two light Sources and two projection lenses 
are required for the luminance-signal light modulating 
means and the chrominance-signal light modulating means, 
and both the light Sources and the projection lenses are large 
and heavy in terms of the Volume and weight as the projector 
apparatus. Consequently, there has been problems in that the 
apparatus becomes large in Size and high in cost. 

Furthermore, Since the luminance-modulated image and 
the chrominance-modulated image are separately Super 
posed on each other on the Screen, each time the distance 
between the projection lenses and the Screen is changed, it 
has been necessary to adjust the angle of projection formed 
by the normal line of the Screen and the central axis of each 
of the projection lenses for luminance and chrominance. 
Moreover, Since the image is projected at an angle with 
respect to the Screen, the image becomes optically trapezoi 
dal. Hence, there has been a problem in that it is necessary 
to devise various measures for inversely correcting the same 
(devise the lenses). 

SUMMARY OF THE INVENTION 

The present invention has been devised to overcome the 
above-described problems, and its object is to provide a 
projector apparatus which makes it possible to obtain a 
bright image by mean of an optical configuration for making 
effective use of the light, wherein the optical System 
employs no polarizers to reduce the amount of light absorp 
tion by the optical System after the emergent light from the 
light Source is processed in advance into perpendicular 
polarized light. Another object of the present invention is to 
provide a projector apparatus which is more compact and 
inexpensive by reducing the number of component parts of 
the optical System, particularly the light Source and the 
projection lens, and which, even if the distance between the 
projection lens and the Screen is changed, does not require 
adjustment of the projecting angle on each Such occasion as 
in the conventional example, and in which the optical System 
can be handled easily only by the adjustment of the focusing 
of the projection lens. 

The objects of the invention are achieved by providing a 
first configuration in which Video-signal light modulating 
means is comprised of the luminance-signal light modulat 
ing means and the chrominance-signal light modulating 
means for the luminance Signal and the chrominance Signal 
of Video signals. The emergent light from the light collecting 
means is distributed toward the luminance-signal light 
modulating means and the chrominance-signal light modu 
lating means by the polarizing optical means constituting the 
first light distributing means. Polarized light beams whose 
polarization States are respectively controlled by the 
luminance-signal light modulating means and the 
chrominance-signal light modulating means are combined 
by the polarizing optical means constituting the first light 
combining means, and image based on the combined light is 
enlarged and projected onto the Screen by the projecting 
CS. 

Here, each light modulating means performs optical 
modulation by controlling the polarization State of the 
polarized light distributed and made incident by the first 
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4 
light distributing means on the basis of the luminance video 
Signal or the chrominance Video signal. 

Then, the optically modulated light beams whose polar 
ization States are controlled are combined by the polarizing 
optical means constituting the first light combining means. 

In other words, an optical System concerning the polar 
ization control of light and optical modulation are used. 
Here, in a Second configuration a Set of polarized light 
beams are mutually perpendicular. 

Particularly in the first configuration above, the polarizing 
optical means not only optically distributes the light into a 
Set of mutually perpendicular polarized light beams or 
combines a Set of mutually perpendicular polarized light 
beams, but a polarizing optical means which optically dis 
tributes the light into a plurality of Sets of mutually perpen 
dicular polarized light beams or is adapted for a plurality of 
mutually perpendicular polarized light beams is used. 

In the third configuration, the luminance-signal light 
modulating means and the chrominance-signal light modu 
lating means are constituted by reflection-type light modu 
lating means for reflecting the optically modulated light, and 
the distribution of the emergent light from the light collect 
ing means toward the luminance-signal light modulating 
means and the chrominance-signal light modulating means 
is effected by the polarizing optical means Serving as the first 
light distributing means. The reflected light beams from the 
luminance-signal light modulating means and the 
chrominance-signal light modulating means are combined 
by jointly using as the light combining means the same 
polarizing optical means as the first light distributing means 
used for distributing the light, So as to project a color image 
onto the Screen. 

In the fourth configuration, the light modulating means 
for the luminance Signal and the chrominance Signal con 
Stituting the Video-signal light modulating means of claim 1 
are Set to be transmission-type light modulating means. In 
other words, the luminance-signal light modulating means 
and the chrominance-signal light modulating means are 
constituted by the transmission-type light modulating means 
for transmitting the optically modulated light. 

In the fifth configuration, both of the luminance-signal 
light modulating means and the chrominance-signal light 
modulating means are constituted by the light modulating 
means of the transmission type or the reflection type for 
transmitting or reflecting the optically modulated light, and 
the distribution of the emergent light from the light collect 
ing means toward the luminance-signal light modulating 
means and the chrominance-signal light modulating means 
is carried out by the first light distributing means. However, 
in the distribution of light toward the two modulating means, 
either one of the emergent light from the luminance-signal 
light modulating means or the chrominance-signal light 
modulating means which does not contribute to image 
formation is redistributed as light incident upon at least one 
of the light modulating means, i.e., the chrominance-signal 
light modulating means or the luminance-signal light modu 
lating means. Thus, the Second light distributing means for 
making effective use of the light is configured. 

In the Sixth through twelfth configurations, the basic 
arrangement provided is Such that, in addition to the first 
light distributing means for merely distributing the emergent 
light uniquely in the configuration according to claim 1, 
there is provided light-quantity distributing means including 
at least polarization controlling means for determining a 
ratio of quantities of light for transmission and/or reflection 
of the mutually perpendicular polarized light beams in the 
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optical path of the light distributing means. In other words, 
the polarization controlling means includes light distributing 
means for distributing quantities of light to the respective 
light modulating means for the luminance Video signal and 
the chrominance Video signal at the predetermined ratio 
determined by the polarization controlling means. 

In the Seventh configuration, in particular, the polarization 
controlling means (with the light distributing means) which 
constitutes the light-quantity distributing means is com 
prised of polarizing optical means having different 
polarizing/separating characteristic,i.e., rates at which the 
polarized light is transmitted or reflected differ, as well as 
means whereby, of the polarized light in which mutually 
perpendicular polarized light beams are present in mixed 
form due to the different polarizing/separating 
characteristics, one of the perpendicular mixed polarized 
light beams is changed to a polarized light beam having a 
polarization direction different from that of that light beam, 
i.e., a polarization direction perpendicular thereto. 

In the eight configuration, the means for changing the 
polarizing/separating characteristics of the polarized light 
beams in the optical path is similarly the polarizing optical 
means. However, the means whereby, of the polarized light 
occurring due to different polarizing/separating 
characteristics, i.e., of the polarized light in which mutually 
perpendicular polarized light beams are present in mixed 
form, one of the perpendicular mixed polarized light beams 
is changed to a polarized light beam having a polarization 
direction different from that of that light beam, i.e., a 
polarization direction perpendicular thereto, is clearly Set 
forth as being constituted by the phase difference means 
having a medium for causing a difference in the phase 
Velocity of the propagating polarized light and for changing 
its polarization State. 

In the ninth configuration, the polarization controlling 
means is comprised of the phase difference means having a 
medium for causing a difference in the phase Velocity of the 
propagating polarized light and for changing its polarization 
State and polarizing optical means for Separating the natural 
light into the mutually perpendicular polarized light beams. 
However, as the means for changing the polarizing/ 
Separating characteristics of the polarized light beams in the 
optical path, the polarizing optical means and the phase 
difference means are arranged in the optical path in a 
cascade manner. At the same time, in the Spatial relationship 
between a Set of mutually perpendicular polarized light 
beams outputted from the phase difference means and 
another set of mutually perpendicular polarized light beams 
to be inputted to the polarizing optical means, the angle of 
Spatial combination between the two Sets is made different 
(i.e., made nonparallel) So as to change the polarizing/ 
Separating characteristics in the optical path. 

In the tenth configuration, the polarization controlling 
means is comprised of means having a medium which 
optically rotates (twists) the first polarized light beam into 
the Second polarized light beam perpendicular thereto and 
optically rotates the Second polarized light beam into the 
first polarized light beam perpendicular thereto, and in 
which the proportion of the quantity of the former rotated 
light and the proportion of the quantity of the latter rotated 
light are different (anisotropically polarizing, rotatory 
medium). 

The light-quantity distributing means is comprised of that 
polarization controlling means with the light distributing 
CS. 

In the eleventh configuration, the polarization controlling 
means is comprised of a panel constituted by pixels having 
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a medium which is provided with both the optical rotatory 
function for rotating the P polarized light in the direction of 
the S polarization direction and the S polarized light in the 
direction of the P polarization direction, and So-called opti 
cal anisotropy concerning the quantity of light in which the 
proportion of the quantity of the former rotated light and the 
proportion of the quantity of the latter rotated light differ 
(anisotropically polarizing, rotatory medium). 

In addition, in the twelfth configuration, the polarization 
controlling means is comprised of a panel which is not 
provided with pixels, instead of the panel having the pixels 
in the eleventh configuration described above, and the 
medium used therein is the same as the one used in the 
eleventh configuration. 

In the thirteenth and fourteenth configurations, a plurality 
of usable wavelength bands are allotted to the polarizing 
optical means for effecting polarization and Separation, and 
a plurality of the polarizing optical means having polarizing/ 
Separating characteristics for the respective allotted wave 
length bands are used in combination. 

In the fourth configuration, two or three usable wave 
length bands are allotted to the polarizing optical means for 
effecting polarization and Separation. 
When two wavelength bands are allotted, there is a case 

where the wavelength bands are allotted in Steps, or a blue 
color in the range of 400 nm-500 nm and a wavelength band 
having a wavelength longer than that range are allotted. 
When three wavelength bands are allotted, the allotment 

is effected by being characterized in that part of the wave 
lengths of green (approx. 500 nm-600 nm) overlaps in the 
entire allotted ranges. 

In the configuration according to claim 15, the video 
Signal light modulating means is comprised of the 
chrominance-signal light modulating means for green for 
optically modulating green light on the basis of a green 
chrominance Signal of the inputted Video signals and the 
chrominance-signal light modulating means for the respec 
tive colors of red and blue for optically modulating red light 
and blue light on the basis of red and blue chrominance 
Signals of the inputted vide Signals. At the same time, in 
correspondence with the fact that the human eye is Sensitive 
to green information, the pixel Size of each of the 
chrominance-signal light modulating means for the respec 
tive colors of red and blue is made larger than the pixel size 
of the chrominance-signal light modulating means for green, 
and the frequency bandwidth of the green chrominance 
Signal is made wider than the frequency bandwidth of each 
of the red and blue chrominance signals. 

In the Sixteenth configuration, there are provided the 
point-light-source generating means for receiving the light 
which does not contribute to image formation, of the light 
emergent from the light Source, and for generating a point 
light Source by using that received light, and light receiving 
means for receiving the light from the point light Source of 
the point-light-source generating means by the light collect 
ing means for collecting the emergent light from the light 
SOCC. 

In the Seventeenth configuration, the light Source means, 
the light collecting means, the Video-signal light modulating 
means, and the projecting means are provided. In particular, 
the apparatus further comprises: the light Separating means 
for spectrally Separating the emergent natural light from the 
light collecting means into three primary color components 
of red (R), green (G), and blue (B); the fourth light distrib 
uting means for distributing the Spectrally Separated light to 
the Video-Signal light modulating means, the Video-signal 
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light modulating means being provided in a plural number in 
correspondence with the three primary colors, the plurality 
of optically-modulated-light emitting means for emitting a 
plurality of optically modulated light beams, and the Second 
light combining means for combining the emergent light 
beams and emitting the combined light toward the projecting 
means. When the emergent natural light from the light 
collecting means is Subjected to optical modulation, in the 
combination among the mutually perpendicular first and 
Second polarized light beams, the brightness or luminance 
components (K components) of the respective primary-color 
Video signals, and the chrominance components (C 
components) of the respective primary-color video signals, 
one of the following first, Second, and third combinations is 
used. 

In the first combination, the first polarized light beam in 
all of the primary-color wavelength bands is independently 
subjected to optical modulation on the basis of the K 
components of the primary red, green, and blue Video 
Signals, respectively, and, at the same time, the Second 
polarized light is similarly independently Subjected to opti 
cal modulation on the basis of the respective C components 
of the primary red, green, and blue Video signals, respec 
tively (6-panel configuration of FIG. 28C). 

The second combination is similar to the above-described 
first combination. However, although the first combination 
is comprised of the respectively independent luminance 
Signal light modulating means and chrominance-signal light 
modulating means, the Second combination is comprised of 
a Single luminance-signal light modulating means and a 
plurality of chrominance-signal light modulating means. In 
other words, the first polarized light is Subjected to optical 
modulation by a single first luminance-signal light modu 
lating means on the basis of the K components of two Video 
Signals of the primary Video signals, while the Second 
polarized light is Subjected to optical modulation by respec 
tively independent chrominance-signal light modulating 
means on the basis of the C components of the two video 
Signals. At the Same time, the Second polarized light is 
Subjected to optical modulation by the first luminance-signal 
light modulating means on the basis of the K component of 
the remaining video signal among the primary Video signals, 
while the first polarized light is Subjected to optical modu 
lation by the respectively independent chrominance-signal 
light modulating means on the basis of the C component of 
the remaining Video signal among the primary Video signals 
(4-panel configuration of FIG. 28B). That is, the arrange 
ment provided is Such that the Single first luminance-signal 
light modulating means is used for the first polarized light 
with respect to the K components of two Video signals and 
for the Second polarized light with respect to the K compo 
nent of the remaining one Video signal in terms of its 
combination, and the chrominance-signal light modulating 
means are independently provided for the respective three 
primary colors. 

The third combination is similar to the second combina 
tion. However, the configuration provided is Such that, 
instead of the Single first luminance-signal light modulating 
means used as the luminance-signal light modulating means 
in the Second combination, the luminance-signal light modu 
lating means is comprised of two luminance-signal light 
modulating means, i.e., the first and Second luminance 
Signal light modulating means, and a plurality of 
chrominance-signal light modulating means are used. That 
is, each of the first and Second polarized light beams is 
Subjected to optical modulation by the Single first 
luminance-signal light modulating means and the indepen 
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dent chrominance-signal light modulating means, 
respectively, on the basis of the K components and the C 
components of two video signals of the primary video 
Signals. At the same time, each of the first and Second 
polarized light beams is Subjected to optical modulation by 
the Second luminance-signal light modulating means and the 
independent chrominance-signal light modulating means on 
the basis of the K component and the C component of the 
remaining video signal of the primary video signals (5-panel 
configuration of FIG. 28A). 
The light modulating System uses a polarization control 

ling System for controlling a polarization State of light So as 
to emit light which does not contribute to image formation 
toward the projecting means. The Video-signal light modu 
lating means is constituted by a reflection-type panel pro 
Vided with pixels, and the light distributing means and the 
optically-modulated-light emitting means are constituted by 
polarizing optical means, and the light Separating means and 
the light combining means are constituted by optical ele 
ments for reflecting or transmitting a particular wavelength 
of light. 

In the nineteeth configuration, in addition to the general 
condition of the video signals that the bandwidth of the 
luminance Signal is made wider than the bandwidth of the 
chrominance Signal, the pixel Size of the Video-signal light 
modulating means concerning the brightness or luminance 
component (K component) is made Smaller (finer) than the 
pixel Size of the Video-Signal light modulating means con 
cerning the chrominance Signal (C component). Incidentally, 
the respective pixels are those of the polarization controlling 
element means for modulating the polarization direction of 
the polarized light. 

In the twentieth configuration, each of the mutually per 
pendicular first and Second polarized light beams from the 
natural light from the light collecting means is Subjected to 
optical modulation (the polarization State is modulated) by 
the video signals of the K components (luminance 
components) and the C components (chrominance 
components). Then, the Second light distributing means for 
guiding the Second polarized light toward the chrominance 
Signal light modulating means for the respective colors in 
response to the respective lightwaves of the primary colors 
and for combining the optically modulated light beams of 
the respective colors as well as the Second light combining 
means for combining the optically modulated light beams 
for the respective colors are integrally formed by a set of 
dichroic mirrors. Also, the first light distributing means for 
polarizing and Separating the natural light into the first and 
Second polarized light beams and optically distributing the 
polarized light beams to the respective Video-signal light 
modulating means for the K and C components, as well as 
the first light combining means for combining the optically 
modulated light from the Second light combining means and 
the optically modulated light from the Video-Signal light 
modulating means for the K components are integrally 
formed by a single polarizing optical means. 

In the twenty-first configuration, instead of the Video 
Signal light modulating means (independent for the respec 
tive colors of R, G, and B) for the C component 
(chrominance component) described in the twentieth con 
figuration described above, the chrominance-signal light 
modulating means is constituted by a Single light modulating 
means in which color filters of the respective primary colors 
of R, G, and B are arranged. Consequently, the configuration 
provided is Such that the dichroic mirrors constituting the 
Second light distributing means and the Second light com 
bining means are not used. 
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It should be noted, however, that the fact that the first light 
distributing means and the first light combining means are 
integrally formed by a Single polarizing optical means and 
the fact that the Video-signal light modulating means is of 
the reflection type are the same as in the configuration 
described in the twentieth configuration. 

In the twenty-Second configuration, both Video-signal 
light modulating means for the luminance Signal and the 
chrominance Signal are constituted by transmission-type 
light modulating means for transmitting the optically modu 
lated light, respectively. Accordingly, the first light distrib 
uting means and the first light combining means are consti 
tuted by exclusive-use optical means, respectively. 

The relationship of combination between the first and 
Second polarized light beams and the K and C components 
of the Video signals is provided in a corresponding manner, 
respectively. 

In the twenty-third configuration, the Video-signal light 
modulating means is comprised of a set of respectively 
independent light modulating means for the respective col 
ors of R, G, and B corresponding to the three primary colors, 
and reflecting means is provided for totally reflecting one of 
the first and Second polarized light beams which is not 
distributed toward the respectively independent light modu 
lating means for the respective colors of R, G, and B by the 
first light distributing means. 

In the twenty-fourth configuration, the pixel Size of the 
Video-signal light modulating means is Set forth, and the 
arrangement provided is Such that the pixel Size of each of 
the light modulating means for the respective colors of R, g, 
and B corresponding to the primary colors can be changed 
over between a fine size and a plural-pixel Size larger than 
the same and consisting of a plurality of the fine sizes. In this 
configuration, each of the light modulating means is adap 
tively changed over between the Small pixel Size and the 
larger pixel Size in correspondence with a primary-color 
level of the Video signal and the relative magnitude of a 
high-frequency component. 

In the twenty-fifth configuration, instead of the reflecting 
means according to claim 23, another Set of respectively 
independent light modulating means for the respective col 
ors of R, G, and B is provided. The first and second polarized 
light beams are Subjected to optical modulation by using the 
So-called dual light modulating means. 

The twenty-Sixth configuration one set of the dual video 
Signal light modulating means (two light modulating means) 
according to claim 25 described above is used as a video 
Signal light modulating means for the left eye, and the other 
Set thereof is used as a video-signal light modulating means 
for the right eye. In other words, these two Sets of light 
modulating means are used as the three-dimensional light 
modulating means. 

The twenty-Seventh configuration also uses the polariza 
tion controlling System for controlling the polarization State 
of the light by optically modulating the Same. However, to 
State a conclusion, the respectively independent light modu 
lating means for R, G, and B of the chrominance compo 
nents (C components) of the video signals and the light 
modulating means for the luminance component (K 
component), i.e., four light modulating means, are provided. 
The basic arrangement is such that one (the first polarized 
light beam) of the mutually perpendicular polarized light 
beams from the natural light is Subjected to optical modu 
lation on the basis of the K components of the Video signals, 
while the other polarized light beam (the Second polarized 
light beam) perpendicular to the first polarized light beam is 
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Similarly Subjected to optical modulation on the basis of the 
chrominance signals (C components). 

In addition, the transmission type for transmitting the 
optically modulated light is used as all the light modulating 
CS. 

For this reason, the first light distributing means for 
distributing the first and Second polarized light beams from 
the natural light to the luminance-signal light modulating 
means and the chrominance-signal light modulating means, 
and the first light combining means for optically combining 
the optically modulated light beams from the four light 
modulating means and emitting the same toward the pro 
jecting means are respectively constituted by exclusive-use 
polarizing optical means (polarizing beam splitters). 

In addition, the Second light distributing means for Spec 
trally Separating the Second polarized light beam optically 
distributed by the first light distributing means into light 
components corresponding to the respective wavelength 
bands of the respective primary colors, as well as the Second 
light combining means for combining the optically modu 
lated light beams from the respective light modulating 
means for the primaries and for emitting the same toward the 
first light combining means, are respectively independently 
by dichroic mirrorS Serving as optical elements for reflecting 
or transmitting a Specific wavelength of light. 

In the twenty-eight configuration, the first optical means 
for enlarging the croSS-Sectional area of the optical path from 
the first light distributing means, as well as the Second 
optical means for reducing the cross-sectional area of the 
optical path of the optically modulated light obtained by 
optically modulating the light from the optical path Section 
enlarged by the first optical means, are provided before and 
after the luminance-signal light modulating means of the 
configuration according to the twenty-Seventh configuration, 
respectively. 

In accordance with the configuration according to the first 
through fifth configurations, Since the first light distributing 
means for distributing the emergent light from the light 
collecting means toward the luminance-signal light modu 
lating means and the chrominance-signal light modulating 
means is constituted by polarizing optical means for fetching 
mutually perpendicular polarized light beams from the natu 
ral light, the preprocessing of the light, which is performed 
by the polarizer used in the conventional TN liquid crystal 
for arranging in advance the polarization direction of the 
light incident upon the respective light modulating means, is 
carried out Simultaneously at the Same time as the distribu 
tion processing of the light. For this reason, Since the 
polarizer is, in principle, not required in the optical path, 
there is an advantage in that the optical loSS in the optical 
path can be reduced. The first light combining means for 
combining the optically modulated light beams which are 
reflected from or transmitted through the luminance-signal 
light modulating means and the chrominance-signal light 
modulating means also uses the polarizing optical means. AS 
a consequence, the light combining means performs the 
function of combining the light and the function of the 
polarizer for Setting the polarization direction of each opti 
cally modulated light beam from each light modulating 
means to a predetermined direction. 

In particular, in accordance with the configuration accord 
ing to the Second configuration, Since it is possible to fetch 
not only two mutually perpendicular polarized light beams 
but also light in other kinds of polarization States from 
nonpolarized light, it is possible to cope with a Video-signal 
light modulating means adapted for the So-called three 
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dimensional image Signals by forming the Video signals into 
two channels (two-channel three-dimensional image signals 
for the left and the right, for example). 

Moreover, in accordance with this aspect of the present 
invention, not only one Set of linearly polarized light beams 
can be used in terms of the polarization direction of the light, 
but a combination of, for instance, two sets of linearly 
polarized light beams, or a combination of elliptically polar 
ized light combining the two mutually perpendicular linearly 
polarized light beams and their phases and amplitudes, is 
allowed in terms of the state of the light. Hence, the 
emergent light from the light collecting means can be 
advantageously utilized as a more effective information 
medium. 

In accordance with the third configuration, the four 
functions, i.e., the function of the first light distributing 
means for distributing the emergent light from the collecting 
means toward the luminance-signal light modulating means 
and the chrominance-signal light modulating means, the 
function of the polarizer for polarizing the light into par 
ticular polarized light beams with respect to the respective 
light modulating means, the function of the analyzer for 
polarizing the light emergent from the two light modulating 
means into particular polarized light beams, and the com 
bining function of the first light combining means for 
combining the light beams emergent from the light modu 
lating means for both Signals, are optically processed by a 
Single polarizing optical means, e.g., a polarizing beam 
Splitter. Furthermore, this configuration makes it possible to 
perform, simultaneously with the above-described four 
functions, a new operation derived from the combination in 
which the light distributing means and the light combining 
means are constituted by the single polarizing optical means, 
wherein, of the light reflected by the respective light modu 
lating means, the mutually perpendicular polarized light 
which does not form an image is returned toward the light 
collecting means by, for example, the polarizing beam 
Splitter. 

In accordance with the third configuration, Since the first 
light distributing means and the first light combining means 
are constituted by the single polarizing optical means (e.g., 
the polarizing beam splitter), in addition to the above 
described four operations (the function of the polarizer and 
the function of the analyzer for arranging the polarized light, 
the light distributing function, and the light combining 
function), the other operation, i.e., the operation in which the 
mutually perpendicular polarized light which does not con 
tribute to the image formation is returned toward the light 
collecting means, while the polarized light contributing to 
the image formation is emitted toward the projection Side, 
can be executed in a shortest optical path in this configura 
tion. Namely, the distribution of light and the combination of 
light can be executed with a minimum optical loSS. 

In accordance with the fourth configuration, Since the 
light modulating System uses the polarization controlling 
System for modulating the polarization State of the light on 
the basis of Video Signals, and Since the luminance-signal 
light modulating means and the chrominance-signal light 
modulating means are both of the transmission type, in a 
case where liquid crystal panels (e.g., TN liquid crystal 
panels) are used as the respective light modulating means, 
the Overall operational mode can be used either as the 
normally black mode or as the normally white mode. 

Furthermore, if the applied Voltages are respectively 
adjusted, the transmission rates for determining the identical 
polarized light beams made incident upon the liquid crystal 
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can be Substantially Set to a predetermined identical value. 
Hence, by adjusting the respective applied Voltages, it is 
possible to appropriately obtain the white balance in the 
formation of a projected image in the normally black opera 
tional mode, and the black-level balance in the formation of 
the projected image in the normally white operational mode. 

In accordance with the fifth configuration, the same 
operation as that of the above-described fourth configuration 
is basically performed. However, for example, the aperture 
ratio of the transmission-type liquid crystal panel for form 
ing the transmission-type optical modulation signals is low, 
and the brightness of its projected image is lower than that 
of the reflection-type liquid crystal panel having a high 
aperture ratio. The invention according to the fifth configu 
ration has the advantage of remedying this condition. 

That is, of the light transmitted through the luminance 
Signal light modulating means or the chrominance-signal 
light modulating means, the light which does not contribute 
to the image formation is guided to either the chrominance 
Signal light modulating means or the luminance-signal light 
modulating means by using the Second light distributing 
means constituted by the aforementioned polarizing optical 
means, thereby advantageously increasing the amount of 
light incident upon the chrominance-signal light modulating 
means or the luminance-signal light modulating means. It 
goes without Saying that this means can be used for the 
reflection-type liquid crystal panels as well. 

In accordance with the configurations according to any 
one of the Sixth through twelfth configurations, in addition 
to the first light distributing means for distributing the light 
uniquely, the light-quantity distributing means has at least 
the polarization controlling means (with the light distribut 
ing means) for determining proportions of transmission 
and/or reflection of the quantities of the mutually perpen 
dicular polarized light located in the optical path of the 
light-quantity distributing means. Therefore, the light 
quantity distributing means is capable of exhibiting the 
operation of allotting the overall quantities of the two 
polarized light beams perpendicular to each other without a 
loSS, of the light emergent from the light collecting means, 
and of optically distributing the polarized light beams to the 
light modulating means for the respective signals at the 
predetermined ratio determined by the polarization control 
ling means. 

In accordance with the invention according the Seventh 
configuration, in particular, of the polarization controlling 
means (with the light distributing means) which constitutes 
the light-quantity distributing means, the polarization con 
trolling means is comprised of polarizing optical means 
having different polarizing/separating characteristics, i.e., 
rates at which the polarized light is transmitted or reflected 
differ, as well as means whereby, of the polarized light in 
which mutually perpendicular polarized light beams are 
present in mixed form due to the different polarizing/ 
Separating characteristics, one of the perpendicular mixed 
polarized light beams is changed to a polarized light beam 
having a polarization direction different from that of that 
light beam, i.e., to the polarized light beam having the other 
perpendicular component. Accordingly, the first operation 
occurs in which one polarized light beam having a lower 
polarizing/separating characteristic is consequently mixed in 
the other polarized light beam perpendicular to the one 
polarized light beam. 

In addition, the Second operation is produced in which the 
one mixed polarized light beam is recombined with the other 
polarized light beam by the means for converting the one 
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mixed polarized light beam to the other perpendicular com 
ponent which is different from the one mixed polarized light 
beam, i.e., perpendicular thereto. If the overall configuration 
is viewed by taking into consideration the light distributing 
means for optically distributing the recombined polarized 
light beam, the operation is produced whereby the overall 
quantities of a set of mutually perpendicular polarized light 
beams are allotted to the quantities of mutually perpendicu 
lar polarized light on the basis of the predetermined values 
determined by the degree of the difference in the different 
polarizing/Separating characteristics. 

In accordance with the eight configuration, as for the 
polarizing optical means having different polarizing/ 
Separating characteristics and the means for changing the 
polarization direction of polarized light occurring due to the 
difference in the polarizing/separating characteristic to a 
polarization direction different therefrom, which together 
form the polarization controlling means, the phase differ 
ence means is used particularly as the latter means. 
Therefore, in addition to the operation of converting one 
polarized light beam into the polarized light beam having the 
other polarization direction perpendicular to the polarization 
direction of that polarized light beam, there is produced an 
auxiliary operation of performing oppositely correcting col 
oration after estimating the coloration of light due to the 
birefringence of the light (i.e., the characteristic in which the 
refractive index differs between the case where the plane of 
polarization of the light is perpendicular to the direction of 
orientation of the long axis of the molecules of the medium, 
i.e., the case of ordinary light, and the case where the plane 
of polarization is parallel thereto, i.e., the case of extraor 
dinary light; the liquid crystal material has this 
characteristic) in the entire optical path leading from the 
light collecting means to this light-quantity distributing 
means and to the following Video-signal light modulating 
CS. 

In addition, in accordance with the configurations accord 
ing to the Seventh and eight configurations, the polarization 
controlling means is comprised of the polarizing optical 
means having different polarizing/separating characteristics 
and the means whereby, of the polarized light in which 
mutually perpendicular polarized light beams are present in 
mixed form, one of the perpendicular mixed polarized light 
beams is changed to a polarized light beam having a 
polarization direction different therefrom. The light-quantity 
distributing means constituted by the polarization control 
ling means with the light distributing means consequently 
exhibits the operation of the quantities of P and S polarized 
light beams to the light modulating means for the respective 
Signals at a predetermined ratio determined by the respective 
polarizing/separating characteristics without causing a loSS 
in the quantity of the emergent light (the Sum of mutually 
perpendicular P and Spolarized light beams) from the light 
collecting means. That is, the parameters of the polarizing/ 
Separating characteristics of the polarizing optical means 
produce the operation of determining a predetermined ratio 
of distribution. 

In the configuration according to the eighth configuration, 
in particular, of the means constituting the polarization 
controlling means, the phase difference means is used as the 
means for changing the polarization direction of one polar 
ized light beam of the light in which mutually perpendicular 
light beams are present in mixed form. The phase difference 
means has the light transmitting characteristic due to its 
characteristic in which the polarization direction in Set in the 
optical path in which the light propagates. For this reason, 
the phase difference means makes it possible to change the 
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polarization direction of the polarized light as the phase 
difference means is merely placed in the optical path of the 
light distributing means. Then, Since the polarized light 
leaking from the polarizing optical means having a different 
polarizing/separating characteristic is converted to the other 
polarized light, and is outputted from the light distributing 
means, it is possible to effect the So-called calculation of 
polarized light on the basis of the polarizing/separating 
characteristics of the polarizing optical means. 

In accordance with the configuration according to claim 9, 
the polarization controlling means is constituted by the 
polarizing optical means and the phase difference means in 
the same way as in the eighth configuration. However, Since 
the means for changing the polarizing/separating character 
istic of the light in the optical path in which the light 
propagates is formed on the basis of a difference in the angle 
of Spatial combination between a Set of mutually perpen 
dicular polarized light beams outputted from the phase 
difference means and another Set of mutually perpendicular 
polarized light beams to be inputted to the polarizing optical 
means, the angle of Spatial combination can be varied by, for 
instance, rotating the phase difference means about the 
optical axis of the optical path. Accordingly, the ratio of 
distribution of the quantities of light by the light-quantity 
distributing means can be made variable by Simply rotating 
the phase difference means about the optical axis, as 
required. This operation is a particularly characteristic 
operation as compared to the operations of the Seventh and 
eighth configurations. 

In addition, in accordance with the ninth configuration, it 
goes without Saying that the phase difference means consti 
tuting the polarization controlling means also performs the 
auxiliary operation of oppositely compensating the colora 
tion of light due to the birefringence of light in the optical 
path. 

Furthermore, in accordance with the ninth configuration, 
if one or both of the incident and emergent planes of the 
phase difference means are adjusted to parabolic shapes or 
inversely parabolic shapes, the Slight difference in the 
brightness in the distribution of the quantity of light at the 
emergent plane due to the shape of, for example, the lamp 
in the light Source can be oppositely compensated with a 
minimum loss. AS a result, there is produced the auxiliary 
operation of making uniform the light quantity distribution 
at the emergent croSS Section of the polarized light. 
Furthermore, it is possible to provide the distribution of the 
light quantity which is unrealizable by the conventional light 
distributing means in that, for instance, with respect to the 
luminance-signal light modulating means, the distribution of 
the light quantity in its emergent croSS-Sectional area is made 
Such that a central portion of the displayed projected image 
becomes bright, whereas, with respect to the chrominance 
Signal light modulating means, the distribution of the light 
quantity in its emergent cross-sectional area is made Such 
that a peripheral portion of the displayed projected image 
becomes bright, and such that the distribution of the light 
quantity of the Overall combined projected image is uniform, 
and the quantity of light is distributed to both light modu 
lating means at a predetermined ratio (variable). 

In accordance with the tenth configuration, the polariza 
tion controlling means for changing the polarizing/ 
Separating characteristic of the light in the optical path in 
which the light propagates is comprised of means having a 
medium which optically rotates (twists) an arbitrary first 
polarized light beam in the polarization direction of a Second 
polarized light beam perpendicular thereto and, conversely, 
optically rotates (twists) the Second polarized light beam in 
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a perpendicular relation to the first polarized light beam in 
the polarization direction of the first polarized light beam 
perpendicular thereto, Said means having a transmission 
characteristic in which the proportion of the quantity of light 
emergent due to the optical rotation of the former light beam 
and the proportion of the quantity of light emergent due to 
the optical rotation of the latter light beam differ. Therefore, 
the light-quantity distributing means can be realized by a 
Simple configuration by connecting the light distributing 
means (e.g., polarizing optical means) to the polarization 
controlling means in a concatenated manner. In addition, if 
a medium having a property for Shielding the light (e.g., 
infrared light) in a wavelength band which generates heat 
not required by the projector is used as the medium, the 
operation of Suppressing the deterioration of both the light 
distributing means and the light combining means due to 
heat can also be provided. 

In accordance with the eleventh configuration, the polar 
ization controlling means for changing the polarizing/ 
Separating characteristic of the light in the optical path in 
which the light propagates is comprised of a group of pixels 
having a medium in which the proportion of the quantity of 
the light rotating from the P polarized light beam to the S 
polarized light beam and the proportion of the quantity of the 
conversely rotating polarized light beam differ. Hence, the 
light-quantity distributing means can be readily configured 
by connecting the light distributing means to the polarization 
controlling means in a concatenated manner. 

Moreover, Since the optical rotatory power of the medium 
having the pixels can be controlled for each pixel (i.e., by 
applying a bias Voltage to each pixel), the control of the 
quantity of light can be finely adjusted over the croSS Section 
of the optical path. This makes it possible to adjust for each 
pixel the correction of the difference in brightness due to the 
shape of the lamp in the light Source, the ratio of distribution 
of mutually perpendicular polarized light components, and 
the white balance and the black level of the projected screen. 
If the amount of the polarized light distributed to one signal 
light modulating means is reduced, the amount of light 
distributed to the other signal light modulating means 
increases, So that the brightness of the overall projected 
Screen is prevented from becoming dark due to the adjust 
ment. In other words, this is the operation which is produced 
by the light-quantity distributing means for controlling the 
distribution of the light quantity from the concept of distri 
bution. In particular, the control by changing the applied 
voltage (bias field) imparts the operation whereby the light 
quantity distributing means in pixel units is electronically 
controllable in units of pixels. 

In accordance with the twelfth configuration, Since there 
is provided the polarization controlling means having a 
configuration in which the pixels are not provided instead of 
the configuration in which the pixels are provided in claim 
11 described above, the proportions of distribution of the 
quantities of light can be controlled together with the control 
of the light-quantity distribution of the cross-sectional area 
of the optical path in the same way as in the eleventh 
configuration. 

That is, the distribution of light is based on the concept 
which conforms to the Visual characteristics of a human 
being wherein, as for the mutually perpendicular polarized 
light beams, a greater amount of polarized light is distributed 
to a central portion of the plane of the optical path for the 
polarized light for one signal (the luminance Signal is 
preferable) So as to be adapted to the human visual charac 
teristic that the Sensitivity of the human eye is high in the 
central portion of the viewed spot, while a lesser amount of 
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polarized light is distributed to the central portion of the 
image for the polarized light for the other Signal 
(chrominance signal), Such that, in terms of the brightness of 
the overall projected image which is a composite image, an 
equal level of brightness is maintained over the overall plane 
as a result. The distribution of light based on this concept can 
be effected by So-called analog control from the conven 
tional viewpoint of the shading correction of a CRT (the 
distribution ratio for the overall panel is controlled by the 
parabolic electric field), instead of the So-called digital 
control in which control is provided for each pixel as in the 
eleventh configuration described above. 
To Supplement the description, it goes without Saying that 

if a material which cuts off infrared rays is used as the 
medium in the panel in the eleventh and twelfth configura 
tions or on the incident Side or emergent Side of this panel, 
it is possible to provide the operation of Shutting off heat 
waves. In addition, if a liquid crystal panel having both the 
optical rotatory power and an optical anisotropy in the 
polarization direction is used, it is possible to realize a 
polarization controlling means which is Suited as a light 
quantity distributing means having excellent cost perfor 
mance. Since it is the liquid crystal panel, a lightweight 
light-quantity distributing means can be configured. 

In the thirteenth and fourteenth configurations, instead of 
the conventional technological concept in which the same 
usable wavelength bands are used for all of the plurality of 
polarizing optical means when the plurality of polarizing 
optical means are arranged in the optical path in which the 
light propagates, the arrangement provided is Such that a 
plurality of usable wavelength bands are allotted to the 
polarizing optical means, and individual polarizing optical 
means having polarizing/separating characteristics for the 
allotted wavelength bands are combined, thereby to obtain 
polarizing/separating characteristics corresponding to at 
least all the usable wavelength bands of light. Therefore, this 
arrangement permits the optical processing of division of the 
wavelength of light by the polarizing optical means. The 
polarizing optical means performs the operation of Spec 
trally Separating the wavelengths of light and polarizing and 
Separating the light. A description will be given of this 
aspect. 

That is, from the Viewpoint of manufacture, the present 
invention in this aspect permits the application of a method 
of manufacturing the polarizing optical means in which 
polarizing/separating characteristics are obtained by provid 
ing each polarizing optical means with a particular wave 
length band. 

Next, Since the polarizing optical means are disposed for 
the respective wavelength bands, there is an effect that light 
having other wavelengths not allotted to the respective 
polarizing optical means is not mixed in the mutually 
perpendicular light beams which are made emergent after 
being polarized and Separated by the respective polarizing 
optical means. For this reason, the polarized light beams 
distributed by the first light distributing means or the light 
quantity distributing means using this polarizing optical 
means are mutually independent for each wavelength of the 
light. In other words, Since the polarized light beams are 
independent for the respective wavelength bands of the 
light, and the mutual interference (interference with mutu 
ally perpendicular light having a different wavelength) is 
absent, the polarizing optical means operates to improve the 
tone of color of the projected image. Furthermore, with the 
configuration of the projector, this invention has the advan 
tage in the configuration in that, Since the configuration also 
performs the operation of the dichroic mirror conventionally 
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used as the light Separating means for extracting light by 
predetermining the wavelength band, the number of dichroic 
mirrors used can be reduced. 

In other words, the thirteenth and fourteenth configura 
tions is provided with the operation of optically Separating 
the wavelengths of the light and polarizing and Separating 
the light, as described above. 

In the fourteenth configuration, in particular, two or three 
uSable wavelength bands of light are allotted. 

In the usable wavelength ranges based on Group (1) in the 
fourteenth configuration, the usable ranges are allotted Sub 
stantially in 250 nm steps from the lower limit (approx. 400 
nm) of visible light. In the usable wavelength ranges based 
on Group (2), two bands are allotted, including one in the 
range of 400 nm to 500 nm and another in the range of 450 
nm to 800 nm which slightly overlaps with the former range, 
in the Same way as in the range of transmission shown in 
FIG. 15. 
The usable wavelength ranges based on Groups (1) and 

(4) have three allotted ranges, and include all green wave 
length components which are Sensitive to the human eye. 
Accordingly, Since the respective polarizing optical means 
operate in Such a manner as to be provided with the So-called 
color filters, with the result that the mutual interference of 
individual polarized light beams allotted to two or three 
wavelength bands can be Suppressed in operation. Hence, 
there is an advantage that the hue of the projected image can 
be improved. Moreover, Since the arrangement provided is 
Such that the green wavelength components (approx. 500 nm 
to 600 nm) are positively transmitted, it is possible to reflect 
the quality of a natural image on the projected image. 

In Group (4), in particular, green components to which the 
human eye is Sensitive are included in all the allotted ranges, 
the wavelength bands are provided at equal intervals of 
wavelength, and wavelengths of infrared rays (approx. 700 
nm or more) are cut off. Therefore, this arrangement is 
Suitable for the reproduction of a natural image, and there is 
an advantage that the optical path is not heated unnecessar 
ily. 

In the fourteenth configuration based on Groups (1) to (4), 
Since the uSable wavelength bands of the light are precisely 
Set in predetermined ranges, it is possible to reduce the 
occurrence of the coloration phenomenon occurring due to 
birefringence caused by the media of devices, Such as the 
polarizing optical means (e.g., the phase difference means 
and liquid crystal panels), the video-signal light modulating 
means, and the like in the optical path. Even if the coloration 
phenomenon is present, it is basically easy to provide 
opposite compensation Since the corresponding wavelength 
bands of the light are clear. 

In the fifteenth configuration, when the light of the 
respective colors of red (R), green (G), and blue (B) is 
Subjected to optical modulation on the basis of the Video 
Signal light modulating means for the respective colors, in 
correspondence with the fact that the human eye is Sensitive 
to information on green color, the pixel Size of the light 
modulating means for red and blue Signals is made larger 
than the pixel Size of the light modulating means for the 
green Signal, i.e., the pixels of the light modulating means 
for green are fine, and the bandwidth of the green chromi 
nance signal is wider than the bandwidths of the other 
chrominance Signals correspondingly. For this reason, by 
Virtue of the Synergistic effect of these two aspects, the green 
chrominance Signal components can be reproduced as a fine 
projected image as compared with the other chrominance 
Signals. That is, image light which matches the characteris 
tics of the human eye can be Supplied to the projecting 
CS. 
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In the Sixteenth configuration, the light which does not 

contribute to image formation is collected at the point light 
Source, and the light from the point light Source is received 
by the light collecting means, and the light from the point 
light Source is diffused within the light collecting means. 

For this reason, the operation is Such that the optical 
power is circulated and is reutilized as the light which does 
not contribute to the image formation returns to the interior 
of the light collecting means. Namely, the efficiency with 
which the light from the light Source (lamp) is made incident 
upon the light modulating means improves. 

In accordance with the Seventeenth configuration, Since 
the polarized light is Subjected to optical modulation by 
introducing parameters of wavelengths of light to the polar 
ized light, the tone of color of the projected image can be 
improved as compared with the configuration in which the 
light modulating means are not provided independently in 
correspondence with the parameters of the wavelengths of 
the light. 

Particularly in the first combination described in the 
Seventeenth configuration, the first polarized light beam and 
the Second polarized light beam are used for the luminance 
component and the chrominance component, and exclusive 
use video-signal light modulating means for the luminance 
Signal and the chrominance Signal matched to the wave 
lengths of the respective colors are used. Therefore, it is 
possible to reproduce a projected image in which the tone of 
color is excellent and the mutual interference of colorS is 
Small. Moreover, the brightest projected image is formed 
among the combinations. 

In the third combination, the luminance-signal light 
modulating means can be configured by two luminance 
Signal light modulating means, the number of which is one 
less than three required in the first combination. Moreover, 
the chrominance-signal light modulating means are respec 
tively made independent for the three colors, and the first 
polarized light is provided independently for the luminance 
Signal, while the Second polarized light is provided inde 
pendently for the chrominance Signal. Hence, it is possible 
to provide a configuration by a Smaller number of 
luminance-signal light modulating means while maintaining 
the level of the tone of color. The brightest projected image 
next to the first combination is formed. 

In the Second combination, Since one luminance-signal 
light modulating means and respectively independent three 
chrominance-signal light modulating means are used in the 
configuration, it is possible to reproduce a projected image 
while at least maintaining the tone of color by using the 
Smallest number of the Video-signal light modulating means. 

In the above-described first to third combinations, if a 
combination is adopted Such that, of the linearly polarized 
light of P and S waves emergent from the light collecting 
means, light having a greater amount of linearly polarized 
components is used as the incident light upon all or part of 
the chrominance-signal light modulating means for R, G, 
and B(e.g., the combination shown in FIG.28B when a light 
Source having a greater amount of Pwaves for the green and 
red components), it is evident that there is an advantage in 
that the luminous flux of the optically modulated light 
increases. 

In accordance with the eighteenth configuration, Since the 
polarization controlling System is used, even if reflection 
type panels are used, it is possible to cope with the optical 
modulation system of both the normally white and normally 
black types. For example, the System can be easily Set to the 
normally white light modulating System in which, when no 
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Voltage is applied to the reflection-type panels, the light is 
emitted toward the projecting means to make the Screen 
bright, and when a Voltage is applied thereto, the quantity of 
light emergent toward the projecting means, i.e., the quantity 
of light contributing to image formation, is controlled in 
Such a manner as to be Suppressed in correspondence with 
the applied Voltage. On the other hand, the System can be Set 
to the normally black light modulating System in which, 
when no voltage is applied, the light is returned toward the 
light collecting means to make the Screen dark, and when a 
Voltage is applied, the quantity of light emergent toward the 
projecting means, i.e., the quantity of light contributing to 
image formation, is controlled in Such a manner as to 
increase in correspondence with the applied Voltage. In other 
words, the normally white system and the normally black 
System can be made Selectable in correspondence with the 
characteristics of the liquid crystal panels. 

In a case where liquid crystal panels, for example, are 
used as the reflection-type panels, the Voltages applied to the 
light modulating means can be adjusted Separately. 
Therefore, if the normally white light modulating System is 
adopted, the apparatus can be provided with a Setting for 
reproducing a more real black image in terms of the black 
level. Conversely, if the normally black light modulating 
System is adopted, the apparatus can be provided with a 
Setting for reproducing a more real white image. 

In other words, this configuration makes it possible to 
cope with the image quality of either pure black or pure 
white by using the same panels So as to reproduce an image 
having the image quality complying with the customer's 
demand. 

Particularly in the normally black light modulating SyS 
tem in accordance with the present invention, the polarized 
light which contributes to image formation is distributed 
toward the projecting means, while the polarized light which 
does not contribute to the image formation is distributed 
toward the light collecting means, So that the efficiency of 
the optical power of the light collecting means is improved 
over the efficiency of the conventional apparatus. 

In accordance with the nineteenth configuration, the opti 
cally modulated light having luminance components (K 
components) is finer than the optically modulated light 
having chrominance components (C components). 

In addition, the pixel Size of the Video-signal light modu 
lating means for the chrominance components (C 
components) can be made larger than the pixel size of the 
Video-signal light modulating means for the luminance 
components (K components), So that the aperture ratio of the 
pixels of the panels for the chrominance components can be 
easily increased. In other words, the quantity of optically 
modulated light emergent from the chrominance-signal light 
modulating means increases. 

In accordance with the twentieth configuration, Since two 
Sets of integrally arranged means are provided, there is an 
advantage in the configuration in that the four means (the 
Second light distributing means, the Second light combining 
means, the first light distributing means, and the first light 
combining means) are constituted by the two means, making 
it possible to make the overall arrangement compact. 
Additionally, the optical path lens can be shortened as a 
result. 

In addition, in accordance with this aspect of the present 
invention, if the polarized light incident upon the pixels of 
the Video-signal light modulating means is Subjected to 
polarization control So as to be converted to the other 
polarized light (i.g., the incident polarized light is Subjected 
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to 90 polarization control), the optically modulated light is 
made incident upon the projecting means Side to reproduce 
a bright image, whereas if the Similarly incident polarized 
light is not Subjected to polarization control, that polarized 
light returns toward the light collecting means Side. That is, 
a dark image is reproduced. Therefore, this arrangement is 
Suitable in completing the normally black type with a 
minimum configuration. 

Further, the effect of reducing the optical path length and 
the effect of the above-described compact arrangement leads 
to a new effect. That is, it is possible to adopt a module 
arrangement in which the Single luminance-signal light 
modulating means, the three chrominance-signal light 
modulating means, the dichroic mirror (used jointly as the 
Second light distributing means and the Second light com 
bining means), and the Single polarizing optical means (used 
jointly as the fist light distributing means and the first light 
combining means) are accommodated three-dimensionally 
in “one package.” Further, it is possible to adopt a new 
arrangement in which the positional relationships among the 
respective members are adjusted by adjust Screws provided 
in the module. The twentieth configuration permits that 
arrangement. 

In addition to the short configuration of the optical path 
length, this arrangement permits a four-plate projector appa 
ratus (having the Video-signal light modulating means exclu 
Sively used for the luminance signal) instead of the conven 
tional three-plate projector apparatus, So that a Sufficiently 
bright projected image is reproduced in terms of the bright 
neSS of the projected image. In addition to the operation in 
which the polarized light which does not contribute to the 
image formation (optically modulated light which is not 
Subjected to polarization control) returns toward the light 
collecting means, and is reutilized, there is the following 
operation. If the overall efficiency of light in a conventional 
configuration (not shown) which is provided with three R, 
G, and B panels of the TN liquid-crystal transmission type 
and a dichroic mirror and is aimed at a high resolution is 
assumed to be 1, the overall efficiency in this claim of this 
application is approximately 1.8-fold. Hence, there is an 
effect in which the optical power of the light collecting 
means is made to contribute to the image formation with 
high efficiency as compared with the conventional example. 
By virtue of its operation, in the case of the lamp of a 

conventional projector apparatus having a configuration 
using three R, G, and B panels of the TN liquid-crystal 
transmission type and a dichroic mirror and using, for 
instance, a 300 W lamp, there is an advantage in that the 
power of the lamp can be reduced to 1/1.8 (approx. 0.55), 
i.e., about 170 W or thereabouts. Coupled with the operation 
of the three-dimensional “one package” module 
configuration, the effect of reducing the size of the overall 
configuration can be accelerated. 

In the twenty-first configuration, the Video-signal light 
modulating means is comprised of one unit each for the C 
component (chrominance component) and the K component 
(luminance component), and the first light distributing 
means and the first light combining means are integrally 
formed by a Single polarizing optical means. Further, Since 
the dichroic mirror (constituting the Second light distributing 
means and the Second light combining means) in the twen 
tieth configuration is not required, the optical System con 
figuration for performing basic optical modulation can be 
obtained by two Video-signal light modulating means and 
one polarizing optical means alone. In other words, there is 
an advantage in that the optical System configuration of the 
apparatus can be made compact. 
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For this reason, the configuration form making the optical 
System into “one package' three-dimensionally becomes 
easy to realize. In addition, the optical path length can be 
reduced further although there may be an optical loSS due to 
the color filters. In general, the reflection-type light modu 
lating means in the light of its Structure basically makes it 
possible to provide a large aperture ratio for the pixels as 
compared with the transmission type. Also, Since the 
reflection-type light modulating means is provided with at 
least the exclusive-use luminance-signal light modulating 
means, as a result of the Synergistic effect of these 
operations, if the overall optical efficiency of a conventional 
apparatus using a Single liquid crystal panel in which three 
primary color filters are integrally arranged is assumed to be 
1, the optical efficiency of the chrominance component and 
the luminance component is approximate 0.9 or thereabouts, 
respectively. However, Since the chrominance component 
and the luminance component are optically combined by the 
polarization optical means, it can be expected that the 
brightness becomes 1.8-fold or thereabouts, which is 
approximately double. 

In other words, the apparatus in accordance with this 
aspect of the invention produces an effect in which a brighter 
projected image can be reproduced than in a case where the 
conventional Single liquid crystal panel in which the three 
primary color filters are integrally arranged is used. 

In accordance with the twenty-third configuration, as the 
Video-signal light modulating means, a total of two 
transmission-type liquid crystal panels for transmitting opti 
cally modulated light are used, one for the luminance Signal 
and the other for the chrominance Signal, So as to form a 
projected color image. The polarization directions of the first 
and Second polarized light beams from the natural light are 
Subjected to optical modulation respectively independently 
in correspondence with the luminance and chrominance 
Signals. However, Since the first light combining means and 
the first light distributing means are also arranged 
independently, there is an effect in that the projector appa 
ratus can be configured as either the normally black type or 
the normally white type on the basis of the mutual positional 
relationship between the first light combining means and the 
projecting means. In particular, Since the first light combin 
ing means is the polarizing beam splitter which is the 
polarization optical means, there is an effect that when the 
apparatus is Set to the normally black mode or the normally 
white mode, the Selective mode Setting is possible if the 
angle at which the projecting means is Set with respect to the 
polarizing beam splitter is merely changed by 90. Namely, 
in the light of the optical configuration, the design of the 
projector apparatus can be Selectively made Such as by 
adopting a configuration in which the projecting means is 
disposed in an extended axis of the linear optical path of the 
light collecting means and the first light distributing means, 
or a configuration in which the projecting means is disposed 
in a direction orthogonal to the extended axis of the linear 
optical path. 

In the twenty-third configuration, Since there is an opera 
tion in which the polarized light which does not contribute 
to the image formation returns to the light collecting means 
(or the projecting means), there is an operation in which the 
emergent light from the light collecting means is effectively 
utilized as a result. 

By virtue of this operation, the Video-signal light modu 
lating means is comprised of only one Set of respectively 
independent light modulating means for R. G., and B corre 
sponding to the three primary colors. However, Since the 
reflection type having a higher aperture ratio than the 
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transmission type is used, and the emergent light from the 
light collecting means is effectively utilized, the efficiency of 
utilizing the light is made high although the optical con 
figuration is made Simple. 

In accordance with the twenty-fourth configuration, the 
pixel Size of the respectively independent light modulating 
means for the respective colors of R, G, and B corresponding 
to the three primary colorS is changed over between a fine 
Size or a plural-pixel Size larger than the same and consisting 
of a plurality of the fine sizes. Hence, there is an operation 
that the Video signal having a large high-frequency compo 
nent is optically modulated by the fine pixel size. On the 
other hand, Since the medium- and low-frequency compo 
nents of the image Signals are displayed with the pixel size 
(plural-pixel Size) consisting of a plurality of fine sizes, there 
is an operation in which an optical modulation with a steep 
gradient is provided. It goes without Saying that a similar 
operation can be performed if the arrangement of changing 
over the pixel Size between the fine size and the plural-pixel 
Size in correspondence with the level of the Video signal and 
the composition of the high-frequency components is 
applied to the light modulating means of other claims. 

In accordance with the twenty-fifth configuration, two 
Sets of independent light modulating means for the respec 
tive colors of R, G, and b are provided instead of one set of 
independent light modulating means for the respective col 
ors of R, G, and B, so that both the first and the second 
polarized light beams can be Subjected to optical modulation 
to form a projected image. Hence, there is an effect that the 
light utilization efficiency improves. 

In accordance with the twenty-Sixth configuration, one of 
the two sets of independent light modulating means for the 
respective colors of R, G, and B stated in the twenty-fifth 
configuration is used for the right eye, and the other one is 
used for the left eye, so that there is an effect that the 
So-called three-dimensional projected image information is 
Supplied to the Screen. 

In accordance with the twenty-Seventh configuration, a 
total of four transmission-type light modulating means are 
used one for the luminance component and one each for the 
chrominance component, and each of the first and Second 
polarized light beams is independently Subjected to optical 
modulation on the basis of the Video signals of the lumi 
nance component and the chrominance component. With 
respect to the chrominance component, after the Second 
polarized light beam is spectrally Separated into wavelengths 
of the respective colors by the dichroic mirror, and is 
optically distributed, the Second polarized light beam is 
made incident upon the light modulating means for the 
respective colors, and is Subjected to optical modulation. 
Then, the optically modulated light beams are optically 
combined by the Second light combining means constituted 
again by the dichroic mirror. The configuration takes into 
consideration not only the chrominance Signal but also the 
luminance Signal in each process of the distribution of light, 
optical Separation, optical modulation, and combination of 
light. Consequently, there are advantages in that the light 
utilization efficiency improves, the mutual interference of 
colorS is Small, and optical modulation for each color can be 
effected in correspondence with each color. 

Since the carefully designed configuration is used as 
described above, a favorable auxiliary effect is produced in 
that the roles to be played by the luminance-signal light 
modulating means and the chrominance-signal light modu 
lating means can be allotted in detail. For instance, optical 
modulation based on a Video signal corresponding to a 
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high-frequency component is executed by the luminance 
Signal light modulating means, while optical modulation 
based on Video signals corresponding to medium- and 
low-frequency components is executed by the chrominance 
Signal light modulating means. 

Then, if Signal processing is effected Such that brightness 
component Signals among the Video signals are redistributed 
to the luminance-signal light modulating means and the 
chrominance-signal light modulating means So that the 
luminous fluxes of modulated light beams from the two 
Signal light modulating means become Substantially equal, 
the balance of brightness of the modulated light beams 
emergent from the two modulating means can be main 
tained. As a consequence, there is an auxiliary effect in that 
the light from the light collecting means contributes to the 
image formation with high utilization efficiency. Moreover, 
a high resolution can be readily accomplished by reducing 
only the pixel Size of the luminance-signal light modulating 
CS. 

In other words, the twenty-Seventh configuration permits 
a new combination between the optical System and the Video 
Signal System Since an optical System and an optical path 
corresponding to the luminance Signal and the primary-color 
Signals are respectively provided, which is not experienced 
with the conventional Video signals. As a result, a favorable 
auxiliary effect is provided as the above-described projector 
apparatuS. 

In accordance with the twenty-eighth configuration, after 
the cross-sectional area of the light which is made incident 
upon the luminance-signal light modulating means is 
enlarged by the first optical means, the light is made incident 
upon the luminance-signal light modulating means, and is 
Subjected to optical modulation. Then, the enlarged optically 
modulated light beam is reduced again by the Second optical 
means down to an area adapted to the incident light croSS 
Sectional area of the polarizing beam splitter for the first 
light combination. Therefore, even if the pixel sizes of the 
luminance-signal light modulating means and the 
chrominance-signal light modulating means are the same, 
for example, the resolution of the light optically modulated 
by the luminance-signal light modulating means, as com 
pared with that of the chrominance-signal light modulating 
means, can be effectively made high in correspondence with 
the ratioS of the enlargement and reduction by the first and 
Second optical means. 

In other words, if the ratioS of the enlargement and 
reduction by the first and Second optical means are set to, for 
example, 1.4-fold and 1/1.4-fold, and the pixel area of the 
luminance-signal light modulating means is Set to /2 of the 
pixel area of the chrominance-signal light modulating 
means, the pixel area of the luminance-signal light modu 
lating means can be set to approximately 1/2.8 of the pixel 
area of the chrominance-signal light modulating means in 
the light-incident croSS-Sectional area of the first light com 
bining means. 

In other words, even if the conditions including the 
aperture ratio of each light modulating means and the 
device-wise pixel Size of each light modulating means are 
restricted to a certain extent, it is readily possible to optimize 
the pixel density in the croSS-Sectional area of the optical 
path of the first light combining means of the luminance 
Signal light modulating means (e.g., making identical the 
luminous flux of the chrominance-signal light modulating 
means and the luminous flux of the luminance-signal light 
modulating means) through the combination of the first and 
Second optical means. This is readily possible in combina 
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tion with the Signal processing for redistributing the bright 
neSS component signal of the Video signals to the luminance 
Signal light modulating means and the chrominance-signal 
light modulating means. 

Further scope of applicability of the present invention will 
become apparent from the detailed description given here 
inafter. However, it should be understood that the detailed 
description and Specific examples, while indicating pre 
ferred embodiments of the invention, are given by way of 
illustration only, Since various changes and modifications 
within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood 
from the detailed description given hereinbelow and the 
accompanying drawings which are given by way of illus 
tration only, and thus are not limitative of the present 
invention, and wherein: 

FIG. 1 is a diagram illustrating the configuration of an 
optical System of a projector apparatus in accordance with a 
first embodiment of the present invention; 

FIG. 2 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with a 
Second embodiment of the present invention; 

FIG. 3 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with a 
third embodiment of the present invention; 

FIG. 4 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with a 
fourth embodiment of the present invention; 

FIG. 5 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with a 
fifth embodiment of the present invention; 

FIG. 6 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with a 
Sixth embodiment of the present invention; 

FIG. 7 is a diagram illustrating a configuration of a 
light-quantity distributing means of a projector apparatus in 
accordance with a Seventh embodiment of the present inven 
tion; 

FIG. 8 is a diagram illustrating another configuration of 
the light-quantity distributing means of the projector appa 
ratus in accordance with an eighth embodiment of the 
present invention; 

FIG. 9 is a diagram illustrating Still another configuration 
of the light-quantity distributing means of the projector 
apparatus in accordance with a ninth embodiment of the 
present invention; 

FIG. 10 is a diagram illustrating a further configuration of 
the light-quantity distributing means of the projector appa 
ratus in accordance with a 10th embodiment of the present 
invention; 

FIG. 11 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with 
an 11th embodiment of the present invention; 

FIG. 12 is a diagram illustrating the wavelength depen 
dence of the reflectance of a blue-light reflecting dichroic 
mirror used in the 11th embodiment of the present invention; 

FIG. 13 is a diagram illustrating the wavelength depen 
dence of the reflectance of a red-light reflecting dichroic 
mirror used in the 11th embodiment of the present invention; 

FIG. 14 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with a 
12th embodiment of the present invention; 
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FIG. 15 is a diagram illustrating the wavelength depen 
dence of a blue-light transmitting dichroic mirror used in the 
12th embodiment of the present invention; 

FIG. 16 is a diagram illustrating the wavelength depen 
dence of a red-light transmitting dichroic mirror used in the 
12th embodiment of the present invention; 

FIG. 17 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with a 
13th embodiment of the present invention; 

FIG. 18 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with a 
14th embodiment of the present invention; 

FIG. 19 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with a 
15th embodiment of the present invention; 

FIG. 20 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with a 
16th embodiment of the present invention; 

FIG. 21 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with a 
17th embodiment of the present invention; 

FIG. 22 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with 
an 18th embodiment of the present invention; 

FIG. 23 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with a 
19th embodiment of the present invention; 

FIG. 24 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with a 
20th embodiment of the present invention; 

FIG. 25 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with a 
21st embodiment of the present invention (however, the 
configuration is one in which the light which does not 
contribute to image formation is returned toward the light 
collecting Side); 

FIG. 26 is a diagram illustrating a configuration of the 
optical System of a conventional projector apparatus; 

FIGS. 27A and 27B are diagrams explaining the operation 
of a TN liquid crystal panel; 

FIGS. 28A, 28B and 28C are diagrams illustrating mutual 
relationships between the polarized light (P, S) and K 
components (luminance components) and C components 
(chrominance components) of Video signals; 

FIG. 29 is a diagram illustrating the configuration of the 
optical System of a projector apparatus in accordance with a 
22nd embodiment of the present invention; and 

FIG. 30 is a diagram illustrating an example of a unit 
configuration in which the optical configuration of the first 
and other embodiments in accordance with the present 
invention are formed as one package. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 
In the following first embodiment, a description will be 

given of an example in which the reflection-type liquid 
crystal panel is a TN liquid crystal having a twist angle of 
45, and the transmission-type liquid crystal panel is a TN 
liquid crystal having a twist angle of 90. 

However, in the case of the recent Supertwisted nematic 
(STN) liquid crystal which twists 180° or more, the liquid 
crystal panels may be provided with angles in which 180, 
for example, is added to the respective twist angles men 
tioned above. Namely, the reflection-type liquid crystal 
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panel may be a STN liquid crystal having a twist angle of 
225, and the transmission-type liquid crystal panel may be 
a STN liquid crystal having a twist angle of 270. 

In FIG. 1, reference numeral 1 denotes a projecting light 
Source comprised of a lamp 10, Serving as a light Source 
emitting white light, and a reflecting mirror 11, Serving as a 
means for collecting the emergent light. White emergent 
light 100, whose polarization direction (vibrating direction) 
is not polarized in a particular direction and which is the 
So-called natural light and is Substantially parallel, is made 
emergent from the projecting light Source 1. 

It should be noted that, in the following embodiments, the 
arrangement for emitting the emergent light is basically the 
Same, So that a redundant description thereof will be omitted 
hereafter. 

Reference numeral 7 denotes a polarizing beam splitter 
whereby the white light, i.e., natural rays of the emergent 
light 100, is polarized and separated into two white light 
components, P waves and S waves, whose polarization 
directions are perpendicular to each other. The polarizing 
beam Splitter 7 has the function of completely separating the 
light having a wavelength band ranging from 400 nm to 700 
nm and visible to the human eye into the P waves and the S 
waves. Namely, the polarizing beam Splitter 7 is a polarizing 
optical means. 
The emergent light 100 is separated by a polarizing/ 

Separating plane 71 of the polarizing beam Splitter 7 into the 
two components, P waves 101P and S waves 101S, whose 
polarization directions are perpendicular to each other and 
which are respectively applied to a liquid crystal panel 21 for 
the luminance Signal constituting a luminance-signal light 
modulating means 2 and a liquid crystal panel 31 for the 
chrominance Signal constituting a chrominance-signal light 
modulating means 3. That is, the emergent light 100 is 
optically distributed. The two liquid crystal panels are 
reflection-type liquid crystal panels which reflect optically 
modulated light. Reference numeral 22 denotes a color filter 
or a phase filter which compensates coloration due to the 
So-called optically rotatory dispersion which occurs when 
the polarization direction of the incident light cannot follow 
the twist of the liquid crystal molecules in a case where the 
thicknesses of the two liquid crystal panels are Small. 
Numeral 32 denotes a color filter for selecting (filtering) the 
three primary colors, R, G, and B, from the white light. 

Incidentally, the pixel Size of the liquid crystal panel 31 
for the chrominance Signal may be larger than the pixel size 
of the liquid crystal panel 21 for the luminance Signal. That 
is, the pixel Size of the latter may be finer than the pixel size 
of the former. This arrangement is provided in correspon 
dence with the Visual characteristics of a human being (i.e., 
the chrominance information is lower in resolution than the 
luminance information). In addition, Since the polarization 
directions of the light incident upon the liquid crystal panel 
21 for the luminance Signal and the liquid crystal panel 31 
for the chrominance Signal are perpendicular to each other, 
the rubbing directions for determining the directions of 
orientation of the liquid crystal molecules of the respective 
panels are also naturally made perpendicular to each other in 
accordance with the polarization directions of the incident 
light. 
When a panel-driving Voltage is applied to each liquid 

crystal panel, of the P waves 101P incident upon the liquid 
crystal panel 21 for the luminance Signal, the polarization 
direction of the light, which is transmitted through the pixels 
with the Voltage applied thereto and is then reflected, is 
resultantly rotated 90 by the incidence and reflection. In 
other words, the polarization direction of the light is modu 
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lated. Since that polarized light is made incident upon the 
polarizing beam splitter 7 as Swaves 103, the polarized light 
is reflected toward a projection lens 4 of a projecting means 
by the polarizing/separating plane 71 of the polarizing beam 
splitter 7. Of the S waves 101S incident upon the liquid 
crystal panel 31 for the chrominance Signal, the polarization 
direction of the light, which is transmitted through the pixels 
with the Voltage applied thereto and is then reflected, is 
likewise rotated 90 and is made incident upon the polariz 
ing beam splitter 7 as P waves 104. Hence, the P waves 104 
are transmitted through the polarizing/separating plane 71 of 
the polarizing beam Splitter 7, and are directed toward the 
projection lens 4. 

Namely, the two beams of polarized light, which are 
Subjected to polarization control after being made incident 
upon those pixels in the liquid crystal panel 21 for the 
luminance Signal and the liquid crystal panel 31 for the 
chrominance Signal with the panel-driving Voltage applied 
thereto and after being reflected, are optically combined by 
the polarizing beam splitter 7. The polarized light is conse 
quently enlarged and projected as a color image 105 onto a 
Screen 6 by the projection lens 4. That is, the polarizing 
beam splitter performs the function of a light combining 
CS. 

Incidentally, at the time of the combination of the light, 
since light 103 reflected from the liquid crystal panel 21 for 
the luminance signal is reflected by the polarizing/separating 
plane 71, this light forms a black-and-white image in which 
the left and the right are reversed as compared to the color 
image obtained by the light from the liquid crystal panel 31 
for the chrominance Signal. If this State remains intact, a 
proper image cannot be formed. In order to obtain a proper 
image on the Screen, it is necessary to provide a measure by 
inverting either the image on the liquid crystal panel 21 for 
the luminance Signal or the image on the liquid crystal panel 
31 for the chrominance Signal by means of electrical signals, 
or by optically inverting the image by disposing a mirror for 
bending the direction of the light 90 between the liquid 
crystal panel 21 for the luminance signal and the polarizing 
beam Splitter 7. It goes without Saying that it is preferable to 
invert the electrical Signals. 

In the above-described configuration of the first 
embodiment, the four functions of a means for distributing 
emergent light from the light collecting means, a means for 
combining the modulated light beams (103 and 104), a 
polarizer on the incident side of the conventional TN liquid 
crystal panel, and an analyzer on the emergent Side thereof 
are Served by the polarizing beam splitter, i.e., a Single 
polarizing optical means. Hence, a compact apparatus can be 
realized at low cost. 

In particular, Since the polarizer and the analyzer are not 
required, a loSS of light due to these elements does not occur 
in the optical path (normally, a loss of 50% or thereabouts). 
Hence, even if the light whose power has declined after 
being polarized and Separated into the PWaves and S waves 
from the natural light is optically modulated, the overall 
optical power of the projected light reproduces a bright 
projected image Since the modulated light beams from the 
respective liquid crystals are optically combined by the 
polarizing beam Splitter 7, i.e., the polarizing optical means. 
In addition, it goes without Saying that Since the aperture 
ratio of the reflection-type liquid crystal panel has a higher 
value than that of the transmission-type panel, the configu 
ration according to this embodiment is basically advanta 
geous in terms of the brightness. 
AS for the polarized light which is made incident upon the 

pixels to which no panel-driving Voltage is applied in both 
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the liquid crystal panel 21 for the luminance signal and the 
liquid crystal panel 31 for the chrominance Signal and which 
is then reflected, the direction of optical rotatory power of 
the incident light and the direction of optical rotatory power 
of the reflected light are Substantially opposite to each other. 
Consequently, Since the polarization direction does not 
rotate, the P waves incident upon the liquid crystal panel 21 
for the luminance Signal are reflected as they are as the P 
waves, are made incident again upon the polarizing beam 
Splitter 7, are transmitted through the polarizing/separating 
plane 71, and return to the projecting light Source 1. The S 
waves incident upon the liquid crystal panel 31 for the 
chrominance signal are made incident again upon the polar 
izing beam splitter 7 as they are as the S waves, are reflected 
by the polarizing/separating plane 71, and return to the 
projecting light Source 1. 
The configuration in which the polarizing light which 

does not contribute to the So-called image formation returns 
to the projecting light Source promotes the reutilization of 
the projecting light Source 1, and has an important meaning, 
as will be described below. 

That is, the light 106 which thus returns to the projecting 
light Source 1 from the respective liquid crystal panels and 
does not contribute to the image formation is reflected again 
by the reflecting mirror 11. If an arrangement is provided 
such that the reflected light is provided with a slightly 
diverging or converging characteristic or its direction 
changes with respect to the original emergent light 100 from 
the lamp 10, the light directed again toward the respective 
liquid crystal panels via the polarizing beam splitter 7 
radiates the pixels different from the pixels radiated first by 
the original lightwaves 101P or 101S, and some of the light 
forms an image, while Some other portion of the light returns 
still again to the lamp 10. 

In other words, since the emergent light 100 from the 
reflecting mirror 11 repeats the above-described operation, 
effective use is made of the light which does not form an 
image, and the overall quantity of light applied to the liquid 
crystal panels increases as a result, So that a brighter image 
can be obtained on the Screen. 
AS described above, the polarizing beam splitter 7, i.e., 

the polarizing optical means, performs both the function of 
the light distributing means for polarizing and Separating the 
natural rays of the emergent light 100 into the P waves and 
S waves and optically distributing the same toward the 
luminance-signal light modulating means 2 and the 
chrominance-signal light modulating means 3 and the func 
tion of the light combining means for optically combining, 
of the optically modulated light, the polarized light beams 
from the two light modulating means which have been 
Subjected to polarization control and contribute to the image 
formation. Further, the configuration can be regarded as that 
of a normally black mode Since the projected image is dark 
when no panel-driving Voltage is applied to the liquid crystal 
panels. Accordingly, if the Voltages applied to the two liquid 
crystal panels are optimally Set, respectively, and the phase 
filter on the emergent Side of the liquid crystal panel 21 for 
the luminance Signal is optimized, or the color filter 32 of the 
liquid crystal panel 31 for the chrominance Signal, the 
Voltages applied to the pixels of the three primary colors, 
and the like are optimized, i.e., if external conditions are 
optimally provided, it is possible to adjust the balance of 
bright portions (white balance) Sufficiently appropriately. 

Furthermore, as a method of reproducing a still brighter 
projected image, it goes without Saying that it is readily 
possible to provide two units of the optical System shown in 
FIG. 1 in parallel for the purpose of making use of the 
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feature of the compact optical System in accordance with 
this first embodiment and to optically combine light beams 
on the screen 6 by using the concept illustrated in FIG. 26 
by means of a projecting means or the like. In addition, if 
this dual optical System configuration is used, it is possible 
to develop a three-dimensional liquid-crystal projector in the 
future multimedia. That is, the dual optical System can be 
realized if the optical System shown in FIG. 1 is projected as 
a right-hand System and another optical System shown in 
FIG. 1 is projected as a left-hand system. 

Moreover, this dual optical system is provided with the 
dual feature of the So-called projected-image reproduction 
mode in which the mode is changed over, as required, 
between a bright projected-image reproduction mode and a 
compact three-dimensional projected-image reproduction 
mode. 

In addition, since the optical system shown in FIG. 1 is 
provided with a shortest optical path length, and the various 
means can be arranged integrally, in maSS production, it is 
possible to adopt a module configuration for arranging the 
System three-dimensionally into “one package' in which the 
polarizing beam Splitter 7 is disposed in the center, the liquid 
crystal panel 21 for the luminance Signal and the phase filter 
22 as well as the liquid crystal panel 31 for the chrominance 
Signal and the color filter 32 are fixed in place at mutually 
perpendicular positions, and the respective optical paths 
(103 and 101P, 101S and 104, 100 and 106, and 105) are 
provided. If the module block is provided with a heat 
Sinking radiator, an assembled So-called projection engine 
block is possible, and is suitable for the above-described 
dual optical System configuration as well. That which makes 
this possible lies in the compact feature of the optical 
configuration which has already been described. An example 
of a unit configuration for realizing the one package is 
shown in FIG. 30. 
Second Embodiment 

FIG. 2 is a diagram illustrating a Second embodiment of 
the present invention. This embodiment basically differs 
from the first embodiment in that, instead of the color filter 
32 for the primaries, R, G, and B, and the Single liquid 
crystal panel 31 for the chrominance Signal used in the first 
embodiment, a dichroic mirror having a red-reflecting-, 
green-transmitting-type dichroic plane 36 and a blue 
reflecting-, green-transmitting-type dichroic plane 37 as well 
as three liquid crystal panels for the primaries, red (R), green 
(G), and blue (B), are used in the configuration. AS for the 
pixel Size of each panel, the pixel size of the liquid crystal 
panel for the chrominance Signal is larger than the pixel Size 
o the liquid crystal panel for modulating the luminance 
Signal, in the same way as in the first embodiment. 

In FIG. 2, reference numerals 33, 34, and 35 denote liquid 
crystal panels used exclusively for R, G, and B, respectively; 
numeral 36 denotes the dichroic plane which reflects R and 
transmits G.; and 37 denotes the dichroic plane which reflects 
B and transmits G. In other words, first of all, the dichroic 
planes 36 and 37 perform the role of a new light distributing 
means which guides the polarized light of the P waves 
toward the respective eXclusive-use liquid crystal panels 33, 
34, and 35 constituting the light modulating means for R, G, 
and B Signals. Then, with respect to the pixels to which the 
Voltage is applied in the liquid crystal panels, the polariza 
tion directions are rotated, for example, 90, the light is 
made incident upon the dichroic planes 36 and 37 in 
directions opposite to those of incidence, R and B are 
reflected and G is transmitted, and the light beams are 
combined again. As a result, the respective polarization 
directions are changed 90 (i.e., the polarization directions 
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are modulated) Such that the light beams are optically 
combined by the polarizing beam splitter 7 so as to be 
directed not toward the projecting means 1 but toward the 
projection lens 4. That is, the polarizing beam splitter 7 
optically distributes the light generally toward the 
chrominance-signal light modulating means (33,34, and 35) 
and the luminance-signal light modulating means (22 and 
21, i.e., 2) in the form of polarizing and separating the light 
into the Pwaves and the S waves, and also serves as the light 
combining means. Hence, in this respect, the arrangement is 
similar to that of the above-described first embodiment. It 
should be noted that the other basic operation (Such as the 
operation in cases where no voltage is applied to the pixels) 
is similar to that of the first embodiment, and a description 
thereof will be omitted. However, since, in particular, the 
color filter 32 in the first embodiment is not provided, there 
is no loss of light due to the color filter (in principle, 
two-thirds of the light incident upon the color filter become 
a loss), So that it is possible to obtain an image which is 
brighter than that obtained in the first embodiment. 

In addition, Since optimum thicknesses of the liquid 
crystal panels and optimum applied Voltages can be exclu 
Sively and independently Selected for the respective wave 
lengths of the primaries, R, G, and B, So that the tone of 
color of the projected image can be improved more than in 
the above-described first embodiment. Also, it is naturally 
possible to adopt a three-dimensional module configuration 
for the overall optical system in which the system is formed 
as “one package,” in the same way as the first embodiment. 
This is possible due to the fact that the lengths of the optical 
paths between the respective means are short. It is evident 
that the apparatus of this Second embodiment is also a 
normally black type. 

In addition, in the Second embodiment, the reproduction 
of a three-dimensional projected image, for instance, is also 
possible in the dual optical configuration in the Same way as 
in the first embodiment. However, the combination of the P 
waves and the S waves which are perpendicular to each 
other is not confined to one combination alone. Namely, it is 
readily possible to obtain from the natural light a combina 
tion of new Second P waves having a polarizing angle of 45 
with respect to the present P waves and second S waves 
perpendicular to the Same. In other words, it is possible to 
reproduce a three-dimensional projected image by obtaining 
a plurality of combinations of polarized light from the 
natural light, by using one combination for the right eye and 
the other combination for the left eye, and by optically 
combining the light beams through optical modulation. 

Furthermore, it is possible to adopt an arrangement in 
which only one combination of mutually perpendicular 
polarized light beams is used, and the optically modulated 
light beams from the polarization control System having an 
optical configuration shown in the first or the Second 
embodiment are Subjected to time-division multiplex modu 
lation for the right eye and the left eye, and are projected. 
This is possible by correcting the timings at which the 
respective light modulating means are driven. In particular, 
the response Speed of the pixels improves if the above 
described STN-type liquid crystal panels are used. 
Third Embodiment 

FIG. 3 is a diagram illustrating a third embodiment of the 
present invention which employs a configuration of the 
normally white type in contrast to the fact that the projectors 
in the first and Second embodiments are of the normally 
black type. Namely, the configuration is Such that the 
projected image is bright when no voltage is applied to the 
liquid crystal panels. 
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In FIG. 3, reference numeral 5 denotes a half mirror for 
reflecting the incident light by 50% and transmitting it by 
50%, and 50% of the light from the projecting light source 
1 is made incident upon the polarizing beam Splitter 7. By 
Virtue of the polarizing/separating plane 71, of the natural 
light from the projecting light Source, the S waves are made 
incident upon the liquid crystal panel 21 for the luminance 
Signal, while the P waves are made incident upon the liquid 
crystal panels 33, 34, and 35 for the respective chrominance 
Signals for the primaries. 
Of the light incident upon the respective liquid crystal 

panels, the polarization direction of the light reflected from 
the pixels to which no driving Voltage is applied in the panel 
is identical to the polarization direction of the light incident 
upon the panel. Consequently, the Swaves are reflected from 
the liquid crystal panel 21 for the luminance signal, while 
the P waves are reflected from the liquid crystal panels 33, 
34, and 35 for the respective chrominance signals for the 
respective colors in the same polarization directions as those 
during incidence, and the two light beams are made incident 
again upon the polarizing beam Splitter 7. By virtue of the 
polarizing/separating plane 71, the S waves from the liquid 
crystal panel 21 for the luminance Signal are reflected, while 
the P waves from the liquid crystal panels 33, 34, and 35 for 
the respective chrominance Signals are transmitted through 
the polarizing/Separating plane 71, and are projected onto 
the Screen 6 through the projection lens 4. Then, parts of the 
P waves and the S waves are made incident again upon the 
projecting light Source 1 side, and are reutilized. 
On the other hand, of the light made incident upon the 

respective liquid crystal panels, the light reflected from the 
pixels to which no driving Voltage is applied in the panel is 
Subjected to polarization control, So that its polarization 
direction becomes perpendicular to the polarization direc 
tion of the light incident upon each panel. Consequently, this 
light is converted by the polarizing/separating plane 71 into 
the light 106 which is not directed toward the projection lens 
4. Accordingly, Since the projected image is bright when no 
driving Voltage is applied to each liquid crystal panel, the 
projector operates as the So-called normally white type. 
Incidentally, numerals 36 and 37 denote mirror planes of the 
dichroic mirrors, which perform the same function as those 
of the dichroic planes 36 and 37 of the above-described 
Second embodiment. That is, the technological concept 
shown in the third embodiment illustrates an embodiment in 
which, if the optical System of the Second embodiment is 
provided with a minor change, the operation of the projector 
of the normally white type can be readily realized from the 
normally black type. The conversion of this operational 
mode is possible in other embodiments as well. 
Fourth Embodiment 

FIG. 4 is a diagram illustrating a fourth embodiment of 
the present invention, in which, instead of the reflection-type 
liquid crystal panels, reference numeral 2A denotes a 
transmission-type liquid crystal panel for the luminance 
Signal, and 3A denotes a transmission-type liquid crystal 
panel for the chrominance Signal having the color filter 32 
for the primaries, R, G, and B. Numeral 7 denotes the 
polarizing beam splitter Serving as the light distributing 
means for distributing the light from the projecting light 
Source 1. Numeral 8 denotes a polarizing beam Splitter for 
combining light beams for forming an image from the 
transmitted light beams which have undergone optical 
modulation by being transmitted through the liquid crystal 
panel 2A for the luminance Signal and the liquid crystal 
panel 3A for the chrominance Signal, respectively. Numerals 
71 and 81 denote polarizing/separating planes of the respec 
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tive liquid crystal panels. Numerals 50 and 51 denote 
reflecting mirrors. Numeral 9 denotes a damper for absorb 
ing unwanted light. The damper 9 is used to eliminate Stray 
light in the optical System in order to improve the gradation 
characteristic of the projected image light and reduce the 
heat generation in the optical System. 

Next, a description will be given of the operation. The 
light emitting from the projecting light Source 1 is polarized 
and separated into the P waves 101P and the S waves 101S 
by the polarizing/separating plane 71 of the polarizing beam 
splitter 7. The P waves are guided toward the liquid crystal 
panel 2A for the chrominance Signal, and the S waves are 
guided toward the liquid crystal panel 3A for the chromi 
nance signal via the mirrors 50 and 51. In both the liquid 
crystal panel 2A for the luminance Signal and the liquid 
crystal panel 3A for the chrominance Signal, the light 
components transmitted through the pixels to which the 
liquid crystal-driving Voltage is applied are not affected in 
their polarization directions. Hence, the P waves are made 
emergent from the liquid crystal panel 2A for the luminance 
Signal, and the S waves are made emergent from the liquid 
crystal panel 3A for the chrominance Signal, and the two 
light beams are directed towards the polarizing beam splitter 
8 for combining the light beams. The Pwaves emergent from 
the liquid crystal panel 2A for the luminance Signal are 
transmitted through the polarizing/Separating plane 81, and 
the S waves emergent from the liquid crystal panel 3A for 
the chrominance Signal are reflected by the polarizing/ 
Separating plane 81. Consequently, the P waves and the S 
waves are optically combined, and are enlarged and pro 
jected as a color image onto the Screen 6 by the projection 
lens 4. 
On the other hand, as for the light transmitted through the 

pixels to which no liquid crystal-driving Voltage is applied, 
its polarization direction is rotated 90, and the S waves and 
the P waves are made emergent from the liquid crystal panel 
2A for the luminance Signal and the liquid crystal panel 3A 
for the chrominance Signal, respectively, and both of these 
waves are directed towards the polarizing beam splitter 8, 
i.e., the light combining means. The Swaves emergent from 
the liquid crystal panel 2A for the luminance Signal are 
reflected by the polarizing/separating plane 81, and are 
absorbed by the damper 9. Meanwhile, the P waves emer 
gent from the liquid crystal panel 3A for the chrominance 
Signal are also transmitted through the polarizing/separating 
plane 81, and are absorbed by the damper 9. As can be seen 
from the above-described operation, the apparatus of this 
embodiment is a projector apparatus of the normally black 
type. AS described above, the polarizing beam splitters 7 and 
8 Serving as exclusive-use polarizing optical means are 
respectively used as the light distributing means and the 
light combining means. 
Fifth Embodiment 

FIG. 5 is a diagram illustrating a fifth embodiment of the 
present invention, which has a configuration in which the 
positions of the projection lens 4, the Screen 6, and the 
damper 9 are replaced. In this configuration, as for the light 
transmitted through the pixels to which no liquid crystal 
driving Voltage is applied in the liquid crystal panel 2A for 
the luminance signal, its polarization direction is rotated 90, 
and the light is reflected by the polarizing/separating plane 
81 of the polarizing beam splitter 8 for combining the light 
beams, and is projected onto the Screen 6 through the 
projection lens 4. 

Also, as for the light transmitted through the pixels to 
which no liquid crystal-driving Voltage is applied in the 
liquid crystal panel 3A for the chrominance Signal, its 
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polarization direction is rotated 90, and the light is trans 
mitted through the polarizing/separating plane 81 of the 
polarizing beam Splitter 8 for combining the light beams, 
and is projected onto the Screen 6 through the projection lens 
4. The apparatus is configured as the So-called normally 
white type in terms of the operational mode. 

In the projector apparatus in which a polarizing beam 
Splitter Serving as the polarizing optical means is used as the 
light distributing means and the light combining means, the 
operational mode can be changed simply by shifting the 
positions of the projection lens 4 and the Screen 6 to the 
positions of those of the fourth embodiment by 90. In the 
above-described normally black operational mode, it is 
possible to reproduce a projected image having an optimum 
white balance by adjusting the applied Voltage, and in the 
normally white operational mode as in this embodiment it is 
possible to reproduce a projected image having an optimum 
black level by adjusting the applied Voltage. 

Accordingly, if an arrangement is provided Such that two 
optical Systems, one in the normally white operational mode 
in this fifth embodiment and the other in the normally black 
operational mode of the above-described fourth 
embodiment, and an image is projected in parallel (as in the 
conventional example shown in FIG. 26), it is possible to 
obtain a configuration in which both the black level and the 
white balance are excellent by optimally adjusting the 
applied Voltage to the liquid crystal panels of the respective 
operational modes, i.e., one in which the So-called dynamic 
range of the projected image is wider. It goes without Saying 
that the projected image can be further improved by adap 
tively varying the ratio of the projected light with respect to 
the projected image in both modes in correspondence with 
the white level component and the black level component of 
the Video signal. 

Further in this fifth embodiment, both the light compo 
nents transmitted through the pixels to which the liquid 
crystal-driving Voltage is applied in both panels 2A and 3A 
are not affected in their polarization directions. Hence, it 
goes without saying that the lightwaves 101P and 101S are 
transmitted or reflected by the polarizing beam Splitter 8, and 
are consequently absorbed by the damper 9. 
Sixth Embodiment 

FIG. 6 is a diagram illustrating a sixth embodiment of the 
present invention. In this embodiment, a new polarizing 
beam splitter 7A is interposed between the liquid crystal 
panel 2A for the luminance signal and the polarizing beam 
Splitter 8, i.e., the light combining means, in the configura 
tion of the above-described fourth embodiment, with the 
result that the light transmitted through the pixels to which 
no liquid crystal-driving Voltage is applied in the liquid 
crystal panel 2A for the luminance Signal, i.e., polarized 
light 107 of the S waves which do not contribute to the 
image formation is added to the light 101S for radiating the 
liquid crystal panel for the chrominance Signal 3A via a 
mirror 52. In other words, the polarization directions of the 
light 107 and the light 101S are the same, and the lightwaves 
at this time are the S waves. Since the arrangement provided 
is Such that the light which does not contribute to the image 
formation is guided to the other liquid crystal panel by using 
the polarizing optical means, the light from the projecting 
light Source 1 can be effectively utilized, and a bright image 
can be obtained as a result. 

In consequence, it is evident that the quantity of light 
absorbed by the damper 9 becomes Small. This embodiment 
shows a first technological concept regarding how efficiently 
light which does not contribute to the image formation is 
utilized. 
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AS a Second technological concept for increasing the 

efficiency, a description will be given of seventh to 10th 
embodiments with respect to how the light from natural light 
is optically distributed to the respective light modulating 
means for the luminance Signal and the chrominance Signal 
with a minimum loSS. 
Seventh Embodiment 

FIG. 7 is a diagram illustrating a seventh embodiment in 
accordance with the present invention, and shows a Sche 
matic diagram of a light-quantity distributing means for 
distributing the quantity of light to the luminance-signal 
light modulating means and the chrominance-signal light 
modulating means of the liquid crystal projector apparatus at 
a predetermined ratio. In the drawing, numeral 10 denotes 
the lamp, 11, the reflecting mirror; 1, the projecting light 
Source constituted by the lamp 10 and the reflecting mirror 
11; 7C, a polarizing beam splitter having a P polarized light 
transmittance of 100% and an S polarized light reflectance 
of a predetermined value of 100% or less; 600, a phase 
difference plate for generating a phase difference in the light 
and changing the polarization State of the light to be propa 
gated; 7A, the polarizing beam splitter having a P polarized 
light transmittance of 100% and an S polarized light reflec 
tance of 100%; and 50, a plane reflecting mirror. 
The projecting light Source 1 is comprised of the lamp 10 

and the reflecting mirror 1, and emits white emergent light 
101 which is substantially parallel. The arrangement con 
cerning the emergent light has been described in the first 
embodiment, and a detailed description thereof will be 
omitted. 
The emergent light 101 is made incident upon the polar 

izing beam Splitter 7C, i.e., a polarizing optical means 
having different polarizing/separating characteristics. 
Although the incident light is natural light, i.e., light which 
is polarized randomly in various directions, all the P polar 
ized light is transmitted (light beam 101P) by a separating 
plane 71C of the polarizing beam splitter 7C, and the S 
polarized light perpendicular thereto is partially reflected 
and partially transmitted. As a result, S polarized light 
101SA corresponding to the reflection ratio of the S polar 
ized light is made emergent in the X-direction in the 
drawing. The P polarized light (light beam 101P) and the S 
polarized light (light beam 101SB) which are transmitted 
through the polarizing beam splitter 7C are made incident 
upon the polarizing beam splitter 7A. 

Incidentally, the arrangement in which part of the S 
polarized light 101SB undergoes the So-called leakage and 
is propagated together with the P polarized light 101P at the 
polarizing/separating plane 71C becomes possible if the 
Separating plane of the polarizing/separating plane is pro 
cessed in Such a manner as to be partially provided with the 
characteristic of completely polarizing and Separating the S 
and P waves and to be partially provided with the charac 
teristic of transmitting both the S and P waves. By varying 
the ratio of the area in the two processings, it is possible to 
vary the reflectance of the S polarized light substantially 
arbitrarily. 
The P polarized light component (light beam 102P) is 

transmitted by 100% by the polarizing beam splitter 7A, and 
is reflected by the plane reflecting mirror 50 so as to be 
formed as the light beam 102P. Meanwhile, the S polarized 
light component (light beam 101SB) is reflected by 100%, 
and emerges in the X-direction in the drawing. The reflected 
S polarized light 102S passes through the phase difference 
plate 600, so that its polarization direction undergoes a 90 
change, and the light is formed into the P polarized light. 
Consequently, the quantity of the light from the projecting 
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light source 1 can be distributed into the P polarized light 
and the S polarized light at a predetermined ratio. 

Then, if the P polarized light (102P and 103) and the S 
polarized light (101SA) are made incident upon the 
transmission-type liquid crystal panels for the luminance 
Signal and the chrominance Signal shown in, for example, 
FIG. 4 or FIG. 5, respectively, it is possible to provide the 
luminance-signal optical modulation and the chrominance 
Signal optical modulation on the basis of an arbitrary ratio of 
the quantity of light between the P waves and the S waves 
(the ratio of the quantity of light for establishing a balance 
between the projected image from the luminance-signal 
optically-modulated light and the chrominance-signal 
optically-modulated light). That is, the Second technological 
concept of varying the ratio between the P waves and the S 
waves extracted from the natural light is introduced instead 
of the conventional arrangement in which the quantity of 
light must be distributed by partly shielding, i.e., causing a 
loSS in, the quantity of either light component which is bright 
(e.g., the light for the luminance-signal light modulating 
means). Accordingly, the quantity of light can be distributed 
with a Small loSS. 
Eighth Embodiment 

FIG. 8 is a schematic diagram of another example of the 
light-quantity distributing means of the liquid crystal pro 
jector apparatus in accordance with an eighth embodiment 
of the present invention. In the drawing, numeral 10 denotes 
the lamp, 11, the reflecting mirror; 1, the projecting light 
Source constituted by the lamp 10 and the reflecting mirror 
11; 7, the polarizing beam Splitter having a P polarized light 
transmittance of 100% and an S polarized light reflectance 
of 100%; 600, the phase difference plate; 7A, the polarizing 
beam splitter having a P polarized light transmittance of 
100% and an S polarized light reflectance of 100%; and 50, 
the plane reflecting mirror. 

The projecting light Source 1 is comprised of the lamp 10 
and the reflecting mirror 1, and emits white emergent light 
101 which is substantially parallel. 
The emergent light 101 is made incident upon the polar 

izing beam splitter 7. Although the incident light is natural 
light, of the light incident upon the Separating plane 71 of the 
polarizing beam splitter 7, all the P polarized light is 
transmitted (light beam 101P), and the S polarized light is 
wholly reflected. As a result, the S polarized light 101S is 
made emergent in the X-direction in the drawing. 

The P polarized light 101P transmitted through the polar 
izing beam Splitter 7 is made incident upon the phase 
difference plate for causing a difference in the phase Velocity 
of the propagating polarized light and for changing its 
polarization state. As the P polarized light 101P is transmit 
ted through the phase difference plate 600, its polarization 
State undergoes a change. AS the light 102 whose State has 
changed is made incident upon the polarizing beam splitter 
7A, part of the light is polarized and separated into the P 
polarized light component 102P and the other part thereof is 
polarized and Separated into the S polarized light 
component, and the Spolarized light component emerges in 
the X-direction in the drawing. At this time, if the phase 
difference plate 600 is rotated, the ratio of division between 
the P polarized light component 102P and the S polarized 
light component 102S can be varied substantially arbitrarily. 

That is, in this eighth embodiment, two polarizing beam 
Splitters having the same characteristics are used, but as the 
phase difference plate 600 disposed therebetween is rotated, 
the ratio of the quantity of light between the P waves and the 
S waves from the natural light can be varied with a minimum 
loSS. This embodiment has an advantage in that the ratio of 
distribution of the quantity of light is adjustable. 
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Ninth Embodiment 

FIG. 9 is a schematic diagram of still another example of 
the light-quantity distributing means of the liquid crystal 
projector apparatus in accordance with a ninth embodiment 
of the present invention. In the drawing, numeral 10 denotes 
the lamp, 11, the reflecting mirror; 1, the projecting light 
Source constituted by the lamp 10 and the reflecting mirror 
11; 610, a monochromatic liquid crystal panel with pixels, 
and 7, the polarizing beam splitter having a P polarized light 
transmittance of 100% and an S polarized light reflectance 
of 100%. 
The projecting light Source 1 is comprised of the lamp 10 

and the reflecting mirror 1, and emits white emergent light 
101 which is substantially parallel. 
The emergent light 101 is made incident upon the mono 

chromatic liquid crystal panel 610 with pixels. Although the 
incident light is natural light, the polarization State is con 
verted to, for example, an elliptically polarized State by the 
liquid crystal panel 610, the P polarized light is converted to 
the S polarized light, and the S polarized light becomes 
partially P polarized light. This light 104 emerging from the 
liquid crystal panel 610 is made incident upon the polarizing 
beam splitter 7, whereby the P polarized light component 
104 is transmitted by 100%, while the S polarized light 
component is reflected by 100%, and emerges in the 
X-direction in the drawing. 

Then, the operation in which the monochromatic liquid 
crystal panel 610 with pixels changes the polarization State 
of the incident natural light is capable of adjusting the degree 
to which the polarization State changes by changing the 
thickness of the liquid crystal panel or by changing the 
Voltage applied to the respective pixels. Accordingly, the 
change of the thickness or the adjustment of the Voltage 
applied to the pixels makes it possible to adjust the ratio of 
the quantity of light between the P waves 104P and the S 
waves 104S emergent from the polarizing beam splitter 7. In 
particular, the method of adjusting the Voltage applied to the 
pixels permits the use of an electronic control method, So 
that a further advantage is imparted to the light-quantity 
distributing means. 
10th Embodiment 

FIG. 10 is a schematic diagram of a further example of the 
light-quantity distributing means of the liquid crystal pro 
jector apparatus in accordance with a 10th embodiment of 
the present invention. In the drawing, numeral 1 denotes the 
projecting light Source constituted by the lamp 10 and the 
reflecting mirror 11; 611, a monochromatic liquid crystal 
panel without pixels, and 7, the polarizing beam splitter 
having a P polarized light transmittance of 100% and an S 
polarized light reflectance of 100%. 
The emergent light 101 is made incident upon the mono 

chromatic liquid crystal panel 611 without pixels. Although 
the incident light is natural light, the polarization State is 
converted to, for example, an elliptically polarized State by 
the liquid crystal panel 611 without pixels, the P polarized 
light is converted to the Spolarized light, and the Spolarized 
light becomes partially P polarized light. This light 104 
emerging from the liquid crystal panel 611 without pixels is 
made incident upon the polarizing beam Splitter 7, whereby 
the P polarized light component 104 is transmitted by 100%, 
while the S polarized light component is reflected by 100%, 
and emerges in the X-direction in the drawing. 

In other words, since the liquid crystal panel 611 without 
pixels is used instead of the liquid crystal panel 610 with 
pixels in the above-described ninth embodiment, the ratio of 
the quantity of light between the P waves 104P and the S 
waves 104S can be adjusted by changing its thickness or 
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varying the Voltage applied across the liquid crystal. 
Moreover, the apparatus can be fabricated at a lower cost 
than that of the ninth embodiment. 

However, the adjustment of the Voltage applied to the 
pixels is not taken into consideration. It goes without Saying 
that a uniform or nonuniform Voltage or electric field can be 
applied to the overall Surface of the liquid crystal panel. 

In other words, the apparatuses in the above-described 
seventh to 10th embodiments are each basically comprised 
of the polarization controlling means for determining the 
ratio of the quantity of light between the polarized light 
components which are perpendicular to each other, as well 
as the light distributing means for distributing the quantity of 
light for the luminance-signal light modulating means and 
the chrominance-signal light modulating means at a prede 
termined ratio determined by the aforementioned ratio. 

In particular, Since the technological concept is used in 
which the ratio between the P waves and the S waves from 
the natural light is changed by optically combining the light 
beams after recombining one wave to the other wave, the 
light-quantity distributing means has a Small optical loSS. 
This technological concept shows the Second technological 
concept for enhancing the efficiency of the projector appa 
ratuS. 

In the foregoing embodiments, the light modulating 
means for the luminance signal or the chrominance Signal is 
used with respect to the entire range of optical wavelengths 
of all the visible light of either the P waves or the S waves. 
However, an arrangement is possible in which the tone of 
color is improved by dividing the range of optical wave 
lengths of the visible light into two or three optical wave 
length bands in correspondence with the three primary 
colors and by providing optical modulation. Although the 
range of optical wavelengths is merely divided in the 
conventional art, the following embodiments show 
examples in which there is provided an optical modulation 
System which takes into consideration greater adaptation to 
brightness and the Visual characteristics of a human being by 
further imparting respective roles to the P waves and the S 
waves in the range of the optical wavelengths. In other 
words, following the above-described two technological 
concepts concerning the enhancement of efficiency, a 
description will be given below of various embodiments of 
a third technological concept for realizing a projected image 
of an improved tone of color and brightness. 
11th Embodiment 

FIG. 11 is a Schematic diagram of an optical System of the 
liquid crystal projector apparatus in accordance with an 11th 
embodiment of the present invention. In the drawing, 
numeral 1 denotes the projecting light Source constituted by 
the lamp 10 and the reflecting mirror 11, 5 denotes the half 
mirror; 620 denotes a blue-light reflecting dichroic mirror; 7 
and 7A denote the polarizing beam Splitters each having 
both a P polarized light transmittance and an S polarized 
light reflectance of 100%; 621 denotes a red-light reflecting 
dichroic mirror; 640 and 640A denote high-resolution liquid 
crystal panels of the luminance-signal light modulating 
means; 630, 630A, and 630B denote low-resolution liquid 
crystal panels of the chrominance-signal light modulating 
means; 9, 9A, and 9B denote light dampers; 4 denotes the 
projection lens, and 6 denotes the Screen. 

The projecting light Source 1 is comprised of the lamp 10 
and the reflecting mirror 1, and emits white emergent light 
101 which is substantially parallel. 
The emergent light 101 is made incident upon the half 

mirror 5. Light 102R reflected by the half mirror 5 is made 
incident upon the blue-light reflecting dichroic mirror 620. 
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In addition, part of light 102T transmitted through the half 
mirror 5 is absorbed by the light damper 9. The blue-light 
reflecting dichroic mirror 620 is a mirror comprising a 
dielectric multilayered film, and selectively reflects only the 
blue light due to the wavelength dependence of its 
reflectance, as schematically shown in FIG. 12. Light 103R 
reflected by the blue-light reflecting dichroic mirror 620 is 
made incident upon the polarizing beam Splitter 7. 
The light 103R incident upon the polarizing beam splitter 

7 is separated substantially by 100% into the P polarized 
light 104P and the S polarized light 104S by the polarizing/ 
Separating plane 71, and the respective light beams are made 
incident upon the low-resolution liquid crystal panel 630 and 
the high-resolution liquid crystal panel 640, respectively. 
When voltages applied to both the high-resolution liquid 

crystal panel 640 and the low-resolution liquid crystal panel 
630 are zero, the polarization plane of each of the incident 
light 104S and 104P rotates along the orientation direction 
of the liquid crystal molecules in the liquid crystal panel, and 
the light is reflected by a reflecting film located at the bottom 
of the liquid crystal panel. AS the reflected light passes 
through the liquid crystal panel again, the reflected light 
undergoes the rotation of the polarization plane in a direction 
opposite to that during the initial incidence (i.e., returns to 
the same polarization direction as in the beginning), thereby 
to be formed as the emergent light 105 and 106. In this case, 
since the polarization directions of the emergent light 105 
and 106 are the same as those of the incident light 104S and 
104P, the emergent light 105 and 106 follows the opposite 
routes, and is made incident upon the Sides of the projection 
lens 4 and the projecting light Source 1. The light incident 
upon the projection lens 4 is projected onto the Screen as a 
projected image contributing to the image formation. 
When Voltages are applied to the high-resolution liquid 

crystal panel 640 and the low-resolution liquid crystal panel 
630, the incident light beams 104S and 104P are respectively 
converted to elliptically polarized light beams due to the 
birefringence effect of the liquid crystal molecules in the 
respective liquid crystal panels, and are reflected by the 
reflecting films located at the bottoms of the liquid crystal 
panels. AS the reflected light passes through the respective 
liquid crystal panels again, the reflected light is further 
subjected to the birefringence effect, thereby to be formed as 
the emergent light 105 and 106 (in this case, elliptically 
polarized light; however, the light becomes linearly polar 
ized light whose polarization plane is rotated 90 from the 
State during incidence upon the application of a Voltage). Of 
the emergent elliptically polarized light 105 and 106, the S 
polarized light component 105S of the light 105 and the P 
polarized light component 106P of the light 106 follow the 
opposite route, are made incident upon the projection lens 4, 
and are projected onto the Screen 6 as an image. 
Of the elliptically polarized light 105 and 106, the remain 

ing P polarized light 105P and the remaining S polarized 
light 106S are absorbed by the light damper 9B. These light 
components do not contribute to the image formation. 

Light 103T transmitted through the blue-light reflecting 
dichroic mirror 620 is made incident upon the polarizing 
beam splitter 7A. The light 103T incident upon the polar 
izing beam splitter 7A is separated into P polarized light 
107P and S polarized light 107S by a polarizing/separating 
plane 71A. The S polarized light 107S reflected by the 
polarizing/separating plane 71A is made incident upon the 
high-resolution liquid crystal panel 640A. As for the light 
107S incident upon the high-resolution liquid crystal panel 
640A, light corresponding to the applied Voltage (the S 
polarized light component 108S of the return light 108) is 
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projected onto the Screen 6 through the projection lens 4 on 
the basis of the same principle as described above. 
(However, since the half mirror 5 is present, part of the light 
returns to the projecting light Source 1.) 

The P polarized light 107P transmitted through the polar 
izing beam Splitter 7A is made incident upon the red-light 
reflecting dichroic mirror 621. The red-light reflecting dich 
roic mirror 621 is a mirror comprising a dielectric multilay 
ered film, and selectively reflects only the red light due to the 
wavelength dependence of its reflectance, as Schematically 
shown in FIG. 13. Light 110 reflected by the red-light 
reflecting dichroic mirror 621 is made incident upon the 
low-resolution liquid crystal panel 630B. Meanwhile, light 
112 transmitted through the red-light reflecting dichroic 
mirror 621 is made incident upon the low-resolution liquid 
crystal panel 630A. As for the light 112 and 110 incident 
upon the low-resolution liquid crystal panels 630A and 
630B, light corresponding to the applied voltage (the P 
polarized light components 111P and 113P of the return light 
111 and 113) is projected onto the screen 6 through the 
projection lens 4 on the basis of the same principle as 
described above. 
The polarized light components 108P, 111S, and 113S 

which do not contribute to the image formation, i.e., the 
polarized light components whose polarization planes, i.e., 
polarization directions, have been rotated 90 by birefrin 
gence due to incidence and reflection, are absorbed by the 
light damper 9A. 
A proper image is projected onto the Screen by the 

combination of the light beams projected onto the Screen in 
the above-described process. Of the light projected onto the 
screen, the light 108S and 105S which returned from the 
high-resolution liquid crystal panel forms an image of the 
luminance signal, while the light 106P, 111P, and 113P 
which returned from the low-resolution liquid crystal panel 
forms an image of the chrominance Signal. 

In other words, optical modulation is carried out by the 
following combination with respect to the primary-color 
Signals: The S waves are Subjected to optical modulation by 
a single luminance-signal light modulating means (in this 
case, the high-resolution liquid crystal panel 640A) on the 
basis of a luminance signal (K component) combining two 
luminance Signals concerning green and red. The P waves 
are Subjected to optical modulation by respectively indepen 
dent chrominance-signal light modulating means (630A for 
green and 630B for red) on the basis of respective chromi 
nance Signals (C components) concerning green and red. 
Further, the S waves are subjected to optical modulation by 
another independent luminance-signal light modulating 
means (in this case, 640) on the basis of the remaining 
luminance signal (K component) for blue, while the Pwaves 
are Subjected to optical modulation by the chrominance 
Signal light modulating means (in this case, 630) on the basis 
of the remaining chrominance Signal (C component) for 
blue. 

The relationship between the polarized light (PS) and the 
K and C components of the primary-color Video signals is 
shown in FIG. 28A. Incidentally, parentheses above the 
characters, blue, green, and red, indicate liquid crystal 
panels. In this case, a five-panel configuration is shown. 

In addition, if an arrangement is adopted in which the 
positions of the blue-light reflecting dichroic mirror 620 and 
the red-light reflecting dichroic mirror 621 are replaced with 
each other, it is possible to obtain Similar results. Such a 
configuration of the optical System is the So-called normally 
white System in which a white Screen is formed on the Screen 
when no voltage is applied to the liquid crystal panels. 
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A combination which is described below is also present as 

the relationship between the polarized light (PS) and the K 
and C components of the primary-color Video signals. A 
description will be given of this combination as a 12th 
embodiment. 
12th Embodiment 

FIG. 14 is a Schematic diagram of the optical System of 
the liquid crystal projector apparatus in accordance with a 
12th embodiment of the present invention. In the drawing, 
numeral 1 denotes the projecting light Source constituted by 
the lamp 10 and the reflecting mirror 11, 5 denotes the half 
mirror; 9 and 9A denote the light dampers; 625 denotes a 
blue-light transmitting dichroic mirror; 50 denotes a total 
reflection mirror; 626 denotes a red-light reflecting dichroic 
mirror; 7 and 7A denote the polarizing beam Splitters each 
having both a P polarized light transmittance and an S 
polarized light reflectance of 100%; 640 denotes the high 
resolution liquid crystal panel; 630, 630A, and 630B denote 
the low-resolution liquid crystal panels, 4 denotes the pro 
jection lens, and 6 denotes the Screen. 

The emergent light 101 is made incident upon the half 
mirror 5, and is thereby branched into reflected light 130R 
and transmitted light 130T. Part of the transmitted light 130T 
is absorbed by the light damper 9. The reflected light 130R 
is made incident upon the blue-light transmitting dichroic 
mirror 625. Light 131R reflected by the blue-light transmit 
ting dichroic mirror 625 is made incident upon the polariz 
ing beam splitter 7A. Further, light 131T transmitted through 
the blue-light transmitting dichroic mirror 625 is made 
incident upon the polarizing beam Splitter 7. 
The blue-light transmitting dichroic mirror 625 is a mirror 

comprising a dielectric multilayered film, and Selectively 
transmits only the blue light due to the wavelength depen 
dence of its reflectance, as schematically shown in FIG. 15. 
The light 131T transmitted through the blue-light transmit 
ting dichroic mirror 625 is made incident upon the polariz 
ing beam splitter 7. The light 131T incident upon the 
polarizing beam splitter 7 is polarized and Separated into P 
polarized light 132P and S polarized light 132S by the 
polarizing/separating plane 71, and the respective light 
beams are made incident upon the high-resolution liquid 
crystal panel 640 and the low-resolution liquid crystal panel 
630, respectively. 
When voltages applied to both the high-resolution liquid 

crystal panel 640 and the low-resolution liquid crystal panel 
630 are zero, the polarization plane of each of the incident 
light 132P and 132S rotates along the orientation direction 
of the liquid crystal molecules in the liquid crystal panel, and 
the light is reflected by a reflecting film located at the bottom 
of the liquid crystal panel. AS the reflected light passes 
through the liquid crystal panel again, the reflected light 
undergoes the rotation of the polarization plane in a direction 
opposite to that during the initial incidence (i.e., returns to 
the same polarization direction as in the beginning), thereby 
to be formed as emergent light 133 and 134. In this case, 
Since the polarization directions of the emergent light 133 
and 134 are the same as those of the incident light 132S and 
132P, the emergent light 133 and 134 follows the opposite 
routes, and half of the light is returned to the projecting light 
Source 1 by the half mirror 5, while the remaining half is 
projected onto the Screen 6 through the projection lens 4. 
When Voltages are applied to the high-resolution liquid 

crystal panel 640 and the low-resolution liquid crystal panel 
630, the incident light beams 132S and 132P are respectively 
converted to elliptically polarized light beams due to the 
birefringence effect of the liquid crystal molecules in the 
respective liquid crystal panels, and are reflected by the 
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reflecting films located at the bottoms of the liquid crystal 
panels. AS the reflected light passes through the respective 
liquid crystal panels again, the reflected light is further 
subjected to the birefringence effect, thereby to be formed as 
the emergent light 133 and 134 (in this case, elliptically 
polarized light; however, the light becomes linearly polar 
ized light whose polarization plane is rotated 90 from the 
State during incidence upon the application of a Voltage). Of 
the emergent elliptically polarized light 133 and 134, an S 
polarized light component 133S of the light 133 and a P 
polarized light component 134P of the light 134 are made 
incident upon the projection lens 4, and are projected onto 
the screen 6 as an image signal. The light 133P and 134S 
which does not contribute to the image formation is made 
incident upon the other polarizing beam Splitter 7A. Then, 
the light 133P is absorbed by the light damper 9A, and the 
light 134S is consequently returned to the projecting light 
Source 1. 

The light beams 131R (e.g., light beams each having 
optical wavelengths of green and red) other than the blue 
color reflected by the blue-light transmitting dichroic mirror 
625 is made incident upon the polarizing beam splitter 7A 
through the total reflection mirror 50. The light 131R 
incident upon the polarizing beam splitter 7A is polarized 
and separated into P polarized light 135P and S polarized 
light 135S by the polarizing/separating plane 71A. The S 
polarized light 135S reflected by the polarizing/separating 
plane 71A is made incident upon the polarizing beam splitter 
7, is reflected by the polarizing/separating plane 71, and is 
made incident upon the high-resolution liquid crystal panel 
640. As for the light 135S incident upon the high-resolution 
liquid crystal panel 640, light corresponding to the applied 
voltage (part of the P polarized light component 134P of the 
return light 134) is projected onto the screen 6 through the 
projection lens 4 on the basis of the same principle as 
described above. 

The P polarized light 135P transmitted through the polar 
izing beam Splitter 7A is made incident upon the red-light 
reflecting dichroic mirror 626. The red-light reflecting dich 
roic mirror 626 is a mirror comprising a dielectric multilay 
ered film, and the wavelength dependence of its reflectance 
is schematically shown in FIG. 13. Light 13.6R reflected by 
the red-light reflecting dichroic mirror 626 is made incident 
upon the low-resolution liquid crystal panel 630A. 
Meanwhile, light 136T transmitted through the red-light 
reflecting dichroic mirror 626 is made incident upon the 
low-resolution liquid crystal panel 630B. As for the light 
13.6R and 136T incident upon the low-resolution liquid 
crystal panels 630A and 630B, light corresponding to the 
applied voltage (the P polarized light components 137P and 
138P of the return light 137 and 138) is projected onto the 
Screen 6 through the projection lens 4 on the basis of the 
Same principle as described above. 
A proper image is projected onto the Screen by the 

combination of the light beams projected onto the Screen in 
the above-described process. 

In other words, the S waves in the optical wavelength 
bands of green and red are Subjected to optical modulation 
by a single luminance-signal light modulating means (in this 
case, the high-resolution liquid crystal panel 640) on the 
basis of a luminance signal (K component) combining two 
luminance Signals concerning green and red among the 
primary-color Signals. Meanwhile, the PWaves in the optical 
wavelength band of blue are Subjected to optical modulation 
by the same luminance-signal light modulating means (640) 
on the basis of the chrominance Signals concerning blue. 

Then, the respective light beams are Subjected to optical 
modulation by the independent liquid crystal panels (630, 
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630B, 630A) on the basis of the chrominance signals (C 
components) concerning blue, green and red among the 
primary-color Signals. The configuration provided is Such 
that, at this time, with respect to green and red, the PWaves 
are Subjected to optical modulation, and as for blue the S 
waves are Subjected to optical modulation. 
AS compared with the preceding embodiment, this 12th 

embodiment (FIG. 14) offers an advantage in that the 
luminance-signal light modulating means can be configured 
by the Single high-resolution liquid crystal panel 640. 

Incidentally, the relationship between the polarized light 
(P. S) and the K and C components of the primary-color 
video signals is shown in FIG. 28B. In this drawing, blue of 
the P waves and green and red of the S waves are formed by 
an identical liquid crystal panel, So that the parentheses are 
connected by a Single line, as shown in the drawing. That is, 
this drawing illustrates a four-liquid-crystal-panel configu 
ration. 

In addition, it is possible to obtain similar effects if the 
blue-light transmitting dichroic mirror 625 and the red-light 
reflecting dichroic mirror 626 are replaced by the red-light 
transmitting dichroic mirror having the characteristic Sche 
matically shown in FIG. 16 and the blue-light reflecting 
dichroic mirror having the characteristic shown in FIG. 12. 
With Such a configuration of the optical System, the 

apparatus operates as the So-called normally white System 
described above. To obtain the so-called normally black 
System in which a black Screen is formed on the Screen when 
no voltages are applied to the liquid crystal panels, it Suffices 
if the configuration of the following 13th embodiment 
shown in FIG. 17 is adopted. 
13th Embodiment 

FIG. 17 is a Schematic diagram of the optical System of 
the normally black type in accordance with a 13th embodi 
ment of the present invention. In the drawing, numeral 1 
denotes the projecting light Source constituted by the lamp 
10 and the reflecting mirror 11; 622 and 622A denote 
blue-light transmitting dichroic mirrors; 50 to 53 denote 
total reflection mirrors; 623 denotes a red-light reflecting 
dichroic mirror; 7 and 7A denote the polarizing beam 
Splitters each having both a P polarized light transmittance 
and an S polarized light reflectance of 100%; 640 and 640A 
denote the high-resolution liquid crystal panels; 630, 630A, 
and 630B denote the low-resolution liquid crystal panels; 4 
denotes the projection lens, and 6 denotes the Screen. 
The projecting light Source 1 is comprised of the lamp 10 

and the reflecting mirror 1, and emits white emergent light 
101 which is substantially parallel. 
The emergent light 101 is made incident upon the blue 

light transmitting dichroic mirror 622. Light 120R reflected 
by the blue-light transmitting dichroic mirror 622 is made 
incident upon the polarizing beam Splitter 7A. Further, light 
120T transmitted through the blue-light transmitting dich 
roic mirror 622 is made incident upon the polarizing beam 
splitter 7. 
The blue-light transmitting dichroic mirror 622 is a mirror 

comprising a dielectric multilayered film, and Selectively 
transmits only the blue light due to the wavelength depen 
dence of its reflectance, as schematically shown in FIG. 15. 
The light 120T incident upon the polarizing beam splitter 7 
is polarized and separated into P polarized light 121P and S 
polarized light 121S by the polarizing/separating plane 71, 
and the respective light beams are made incident upon the 
low-resolution liquid crystal panel 630 and the high 
resolution liquid crystal panel 640, respectively. 
When voltages applied to both the high-resolution liquid 

crystal panel 640 and the low-resolution liquid crystal panel 
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630 are zero, the polarization plane of each of the incident 
light 121S and 121P rotates along the orientation direction 
of the liquid crystal molecules in the liquid crystal panel, and 
the light is reflected by a reflecting film located at the bottom 
of the liquid crystal panel. AS the reflected light passes 
through the liquid crystal panel again, the reflected light 
undergoes the rotation of the polarization plane in a direction 
opposite to that during the initial incidence (i.e., returns to 
the same polarization direction as in the beginning), thereby 
to be formed as emergent light 122 and 123. In this case, 
Since the polarization directions of the emergent light 122 
and 123 are the same as those of the incident light 121S and 
121P, the emergent light 122 and 123 follows the opposite 
routes, and returns to the projecting light Source 1, So that the 
light is not emitted toward the Screen 6. In other words, a 
light reutilizing circulation System is configured in which the 
light which does not contribute to the image formation is 
returned again toward the projecting light Source 1. 
When Voltages are applied to the high-resolution liquid 

crystal panel 640 and the low-resolution liquid crystal panel 
630, the incident light beams 121S and 121P are respectively 
converted to elliptically polarized light beams due to the 
birefringence effect of the liquid crystal molecules in the 
respective liquid crystal panels, and are reflected by the 
reflecting films located at the bottoms of the liquid crystal 
panels. AS the reflected light passes through the respective 
liquid crystal panels again, the reflected light is further 
subjected to the birefringence effect, thereby to be formed as 
the emergent light 122 and 123 (in this case, elliptically 
polarized light; however, the light becomes linearly polar 
ized light whose polarization plane is rotated 90 from the 
State during incidence upon the application of a Voltage). Of 
the emergent elliptically polarized light 122 and 123, a P 
polarized light component 122P of the light 122 and an S 
polarized light component 123S of the light 123 are trans 
mitted through another blue-light transmitting dichroic mir 
ror 622A via the mirror 51 as a result of the optical 
combination due to the other operation, i.e., the light com 
bining operation, of the polarizing beam splitter 7, are then 
made incident upon the projection lens 4, and are projected 
onto the Screen 6 as the image. 

The light 120R reflected by the blue-light transmitting 
dichroic mirror 622 is made incident upon the polarizing 
beam splitter 7A through the total reflection mirror 50. S 
polarized light 124S, which is obtained when the light 120R 
incident upon the polarizing beam Splitter 7A is reflected by 
the polarizing/separating plane 71A, is made incident upon 
the high-resolution liquid crystal panel 640A. As for the 
light 124S incident upon the high-resolution liquid crystal 
panel 640A, light corresponding to the applied Voltage (a P 
polarized light component 125P of return light 125) is 
projected onto the Screen 6 through the projection lens 4 on 
the basis of the same principle as described above. 
P polarized light 124P transmitted through the polarizing 

beam splitter 7A is made incident upon the red-light reflect 
ing dichroic mirror 623. The red-light reflecting dichroic 
mirror 623 is a mirror comprising a dielectric multilayered 
film, and the wavelength dependence of its reflectance is 
schematically shown in FIG. 13. Light 126R reflected by the 
red-light reflecting dichroic mirror 623 is made incident 
upon the low-resolution liquid crystal panel 630A. 
Meanwhile, light 126T transmitted through the red-light 
reflecting dichroic mirror 623 is made incident upon the 
low-resolution liquid crystal panel 630B. As for the light 
126R and 126T incident upon the low-resolution liquid 
crystal panels 630A and 630B, light corresponding to the 
applied voltage (S polarized light components 127P and 

15 

25 

35 

40 

45 

50 

55 

60 

65 

44 
128S of return light 127 and 128) is projected onto the 
Screen 6 through the projection lens 4 on the basis of the 
Same principle as described above. 

In other words, this configuration has the same relation 
ship as the relationship between the P waves and the S 
waves, on the one hand, and the Video Signals, on the other, 
in the same way as in FIG. 28A. In this case of this 
embodiment, the liquid crystal panels 630, 630B, and 630A 
correspond to the blue, green, and red liquid crystal panels, 
and optical modulation of polarized light of the P waves is 
carried out for each color. In addition, the liquid crystal 
panel 640A performs optical modulation of the S waves in 
the two optical wavelength bands of green and red by means 
of luminance Signals in which green and red components of 
brightness are added at a predetermined ratio. Meanwhile, 
the liquid crystal panel 640 performs optical modulation of 
the Swaves in the optical wavelength band of blue by means 
of a predetermined luminance Signal of the independent blue 
component of brightness. 

In addition, it is possible to obtain similar results if the 
blue-light transmitting dichroic mirrors 622 and 622A and 
the red-light reflecting dichroic mirror 623 are replaced by 
the red-light transmitting dichroic mirror having the char 
acteristic schematically shown in FIG.16 and the blue-light 
reflecting dichroic mirror having the characteristic shown in 
FIG. 12. 
14th Embodiment 

FIG. 18 is a schematic diagram of the optical system in 
accordance with a 14th embodiment of the present inven 
tion. In the drawing, numeral 1 denotes the projecting light 
Source constituted by the lamp 10 and the reflecting mirror 
11; 50 and 51 denote total reflection mirrors, 5 denotes the 
half mirror; 627 denotes a red-light reflecting dichroic 
mirror; 628 denotes a blue-light reflecting dichroic mirror; 7, 
7A, and 7B denote the polarizing beam splitters each having 
both a P polarized light transmittance and an S polarized 
light reflectance of 100%; 630, 630A, and 630B denote the 
low-resolution liquid crystal panels; 640, 640A, and 640B 
denote the high-resolution liquid crystal panels; 9, 9A, 9B, 
and 9C denote light dampers, 4 denotes the projection lens, 
and 6 denotes the Screen. 
The projecting light Source 1 is comprised of the lamp 10 

and the reflecting mirror 1, and emits white emergent light 
101 which is substantially parallel. The emergent light 101 
is transmitted through the half mirror 5, and is made incident 
upon the blue-light reflecting dichroic mirror 628 and the 
red-light reflecting dichroic mirror 627. The blue-light 
reflecting dichroic mirror 628 and the red-light reflecting 
dichroic mirror 627 are mirrors each comprising a dielectric 
multilayered film, and the wavelength dependence of their 
reflectances are schematically shown in FIGS. 12 and 13, 
respectively. Light 141 reflected by the blue-light reflecting 
dichroic mirror 628 is reflected by the total reflection mirror 
50, while light 143 reflected by the red-light reflecting 
dichroic mirror 627 is reflected by the total reflection mirror 
51, and the two beams are made incident upon the polarizing 
beam splitters 7 and 7B, respectively. 

In addition, light 142 transmitted through both the blue 
light reflecting dichroic mirror 628 and the red-light reflect 
ing dichroic mirror 627 is made incident upon the polarizing 
beam splitter 7A. 

The light 141 incident upon the polarizing beam splitter 7 
is polarized and Separated into a Ppolarized light component 
141P and an S polarized light component 141S by the 
polarizing/separating plane 71, and the respective light 
beams are made incident upon the high-resolution liquid 
crystal panel 640 and the low-resolution liquid crystal panel 
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630, respectively, and are subjected to the rotation of their 
polarization planes or the conversion into elliptically polar 
ized light in response to the application of Voltages to the 
liquid crystal panels. 
Of light beams 144 and 145 which returned from the 

liquid crystal panels after being Subjected to the rotation of 
their polarization planes or the conversion into elliptically 
polarized light, an Spolarized light 144S of the light 144 and 
a P polarized light 145P of the light 145 are reflected by or 
transmitted through the polarizing/separating plane 71 of the 
polarizing beam splitter 7, are reflected by the total reflection 
mirror 50, and are made incident upon the blue-light reflect 
ing dichroic mirror 628. The light 144S and 145P incident 
upon the blue-light reflecting dichroic mirror 628 is totally 
reflected, and is projected onto the Screen 6 through the 
projection lens 4. 

The light 143 incident upon the polarizing beam splitter 
7B is polarized and separated into a P polarized light 143P 
and an S polarized light 143S by the polarizing/Separating 
plane 71B, and these light beams are respectively made 
incident upon the high-resolution liquid crystal panel 640B 
and the low-resolution liquid crystal panel 630B, and are 
Subjected to the rotation of their polarization planes or the 
conversion into elliptically polarized light in response to the 
Voltages applied to the liquid crystal panels. 
Of light beams 148 and 149 which returned from the 

liquid crystal panels after being Subjected to the rotation of 
their polarization planes or the conversion into elliptically 
polarized light, an Spolarized light 148S of the light 148 and 
a P polarized light 149P of the light 149 are reflected by or 
transmitted through the polarizing/separating plane 71B of 
the polarizing beam splitter 7B1, are reflected by the total 
reflection mirror 51, and are made incident upon the red 
light reflecting dichroic mirror 627. The light 148S and 149P 
incident upon the red-light reflecting dichroic mirror 627 is 
totally reflected, and is projected onto the Screen 6 through 
the projection lens 4. 

The light 142 incident upon the polarizing beam splitter 
7A is polarized and separated into a P polarized light 142P 
and an S polarized light 142S by the polarizing/Separating 
plane 71A, and these light beams are respectively made 
incident upon the high-resolution liquid crystal panel 640A 
and the low-resolution liquid crystal panel 630A, and are 
Subjected to the rotation of their polarization planes or the 
conversion into elliptically polarized light in response to the 
Voltages applied to the liquid crystal panels. 
Of light beams 146 and 147 which returned from the 

liquid crystal panels after being Subjected to the rotation of 
their polarization planes or the conversion into elliptically 
polarized light, an Spolarized light 146S of the light 146 and 
a P polarized light 147P of the light 147 are reflected by or 
transmitted through the polarizing/separating plane 71A of 
the polarizing beam splitter 7A, and are projected onto the 
Screen 6 through the projection lens 4. 
A proper image is projected onto the Screen by the 

combination of the light beams projected onto the Screen in 
the above-described process. 

In other words, in this configuration, the liquid crystal 
panels 640, 640A, and 640B constitute the light modulating 
means for the luminance Signals corresponding to the bright 
neSS components of blue, green, and red, respectively, and 
optically modulate the P waves independently with respect 
to the optical wavelengths of the respective colors. Further, 
the liquid crystal panels 630, 630A, and 630B constitute the 
light modulating means for the chrominance Signals of blue, 
green and red, respectively, and optically modulate the S 
waves independently with respect to the optical wavelengths 
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of the respective colors. This optical configuration provides 
Small mutual interference of the colors and is excellent in the 
tone of color. The relationship between the P waves and the 
Swaves, on the one hand, and the Video signals, on the other, 
is shown in FIG. 28C. 
With Such a configuration of the optical System, the 

apparatus operates as the So-called normally white System in 
which a white Screen is formed on the Screen when no 
Voltages are applied to the liquid crystal panels. 
To obtain the so-called normally black system in which a 

black Screen is formed on the Screen when no Voltages are 
applied to the liquid crystal panels, it Suffices if the con 
figuration of the following 15th embodiment shown in FIG. 
19 is adopted. 
15th Embodiment 

FIG. 19 is a schematic diagram of the normally black-type 
optical System of the liquid crystal projector apparatus in 
accordance with a 15th embodiment of the present inven 
tion. In the drawing, numeral 1 denotes the projecting light 
Source constituted by the lamp 10 and the reflecting mirror 
11; 50 to 56 denote total reflection mirrors; 627 and 627A 
denote red-light reflecting dichroic mirrors; 628 and 628A 
denote blue-light reflecting dichroic mirrors; 7, 7A, and 7B 
denote the polarizing beam splitters each having both a P 
polarized light transmittance and an Spolarized light reflec 
tance of 100%; 630, 630A, and 630B denote the low 
resolution liquid crystal panels; 640, 640A, and 640B denote 
the high-resolution liquid crystal panels, 4 denotes the 
projection lens, and 6 denotes the Screen. 
The projecting light Source 1 is comprised of the lamp 10 

and the reflecting mirror 1, and emits white emergent light 
101 which is substantially parallel. 
The emergent light 101 is made incident upon the blue 

light reflecting dichroic mirror 628 and the red-light reflect 
ing dichroic mirror 627. The blue-light reflecting dichroic 
mirror 628 and the red-light reflecting dichroic mirror 627 
are mirrors each comprising a dielectric multilayered film, 
and the wavelength dependence of their reflectances are 
schematically shown in FIGS. 12 and 13, respectively. Light 
150 reflected by the blue-light reflecting dichroic mirror 628 
is reflected by the total reflection mirror 50, while light 152 
reflected by the red-light reflecting dichroic mirror 627 is 
reflected by the total reflection mirror 54, and the two beams 
are made incident upon the polarizing beam Splitters 7 and 
7B, respectively. 

In addition, light 151 transmitted through both the blue 
light reflecting dichroic mirror 628 and the red-light reflect 
ing dichroic mirror 627 is made incident upon the polarizing 
beam splitter 7A. 

The light 150 incident upon the polarizing beam splitter 7 
is polarized and Separated into a Ppolarized light component 
150P and an S polarized light component 150S by the 
polarizing/separating plane 71, and the respective light 
beams are made incident upon the high-resolution liquid 
crystal panel 640 and the low-resolution liquid crystal panel 
630, respectively, and are subjected to the rotation of their 
polarization planes or the conversion into elliptically polar 
ized light in response to the application of Voltages to the 
liquid crystal panels. 
Of light beams 153 and 154 which returned from the 

liquid crystal panels after being Subjected to the rotation of 
their polarization planes or the conversion into elliptically 
polarized light, an Spolarized light 154S of the light 154 and 
a P polarized light 153P of the light 153 are reflected by or 
transmitted through the polarizing/separating plane 71 of the 
polarizing beam Splitter 7. Consequently, the light beams 
154S and 150P are optically combined, are reflected by the 
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total reflection mirrors 50 and 52, and are made incident 
upon the blue-light reflecting dichroic mirror 628A. The 
light 153P and 154S incident upon the blue-light reflecting 
dichroic mirror 628A is totally reflected, and is projected 
onto the Screen 6 through the projection lens 4. 

The light 152 incident upon the polarizing beam splitter 
7B is polarized and separated into a P polarized light 152P 
and an S polarized light 152S by the polarizing/Separating 
plane 71B, and these light beams are respectively made 
incident upon the high-resolution liquid crystal panel 640B 
and the low-resolution liquid crystal panel 630B, and are 
Subjected to the rotation of their polarization planes or the 
conversion into elliptically polarized light in response to the 
Voltages applied to the liquid crystal panels. 
Of light beams 157 and 158 which returned from the 

liquid crystal panels after being Subjected to the rotation of 
their polarization planes or the conversion into elliptically 
polarized light, an Spolarized light 158S of the light 158 and 
a P polarized light 157P of the light 157 are reflected by or 
transmitted through the polarizing/separating plane 71B of 
the polarizing beam splitter 7B, and after being Similarly 
optically combined, these light beams are reflected by the 
total reflection mirrors 55 and 56, and are made incident 
upon the red-light reflecting dichroic mirror 627A. The light 
15SS and 157P incident upon the red-light reflecting dich 
roic mirror 627A is totally reflected, and is projected onto 
the Screen 6 through the projection lens 4. 

The light 151 incident upon the polarizing beam splitter 
7A is polarized and separated into a P polarized light 151P 
and an S polarized light 151S by the polarizing/Separating 
plane 71A, and these light beams are respectively made 
incident upon the high-resolution liquid crystal panel 640A 
and the low-resolution liquid crystal panel 630A, and are 
Subjected to the rotation of their polarization planes or the 
conversion into elliptically polarized light in response to the 
Voltages applied to the liquid crystal panels. 
Of light beams 155 and 156 which returned from the 

liquid crystal panels after being Subjected to the rotation of 
their polarization planes or the conversion into elliptically 
polarized light, an Spolarized light 156S of the light 156 and 
a P polarized light 155P of the light 155 are reflected by or 
transmitted through the polarizing/separating plane 71A of 
the polarizing beam splitter 7A, and after being Similarly 
optically combined, these light beams are projected onto the 
Screen 6 through the projection lens 4. 
A proper image is projected onto the Screen by the 

combination of the light beams projected onto the Screen in 
the above-described process. With Such a configuration of 
the optical System, the apparatus operates as the So-called 
normally black System. 
AS can be understood from the above description, the light 

Separating means for Spectrally Separating the natural light 
into three primary-color components of light are constituted 
by dichroic mirrors, and the light distributing means for 
distributing the Spectrally distributed light to the luminance 
Signal light modulating means and the chrominance-signal 
light modulating means for the respective colors and the 
light modulating/emitting means for optically combining the 
optically modulated light beams and emitting the combine 
light are constituted by the polarizing beam splitters. 
Further, the optically modulated light beams of the respec 
tive colors (the light combined by the light modulating 
means for the luminance signal and the chrominance Signal, 
i.e., the emergent light from the polarizing beam splitters) 
are optically combined by the light combining means con 
stituted by the dichroic mirrors (628A, 627A) located imme 
diately before the projection lens 4. The configuration of the 
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relationship between the P waves and the S waves, on the 
one hand, and the Video Signals, on the other, corresponds 
FIG. 28C. 
16th Embodiment 

FIG. 20 is a schematic diagram of the optical system of 
the liquid crystal projector apparatus in accordance with a 
15th embodiment of the present invention. In the drawing, 
numeral 1 denotes the projecting light Source constituted by 
the lamp 10 and the reflecting mirror 11; 629 denotes a 
red-light reflecting dichroic mirror; 630 denotes a blue-light 
transmitting dichroic mirror; 632 denotes a blue-light 
reflecting dichroic mirror; 50 to 54 denote the total reflection 
mirrors; 7, 7A, and 7B denote the polarizing beam splitters 
each having both a P polarized light transmittance and an S 
polarized light reflectance of 100%; 640, 640A, and 640B 
denote the high-resolution liquid crystal panels; 630, 630A, 
and 630B denote the low-resolution liquid crystal panels; 4 
denotes the projection lens, and 6 denotes the Screen. 
The projecting light Source 1 is comprised of the lamp 10 

and the reflecting mirror 1, and emits white emergent light 
101 which is substantially parallel. The emergent light 101 
is made incident upon the red-light reflecting dichroic mirror 
629. The red-light reflecting dichroic mirror 629 is a mirror 
comprising a dielectric multilayered film, and Selectively 
reflects only the red light as the wavelength dependence of 
its reflectance is schematically shown in FIG. 13. Light 160 
reflected by the red-light reflecting dichroic mirror 629 is 
made incident upon the polarizing beam splitter 7B. The 
incident light 160 is polarized and separated into a P 
polarized light component 160P and an S polarized light 
component 160S by the polarizing/separating plane 71B of 
the polarizing beam Splitter 7B, and the respective light 
beams are made incident upon the high-resolution liquid 
crystal panel 640B and the low-resolution liquid crystal 
panel 630B, respectively, and are subjected to the rotation of 
their polarization planes or the conversion into elliptically 
polarized light in response to the application of Voltages to 
the liquid crystal panels. Namely, the light beams are Sub 
jected to optical modulation. 
Of light beams 162 and 163 which returned from the 

liquid crystal panels after being Subjected to the rotation of 
their polarization planes or the conversion into elliptically 
polarized light, an S polarized light 163S and a P polarized 
light 162P are reflected by or transmitted through the 
polarizing/separating plane 71B of the polarizing beam 
splitter 7B. Consequently, the light beams 162P and 163S 
are optically combined, are reflected by the total reflection 
mirrors 53 and 54, and are projected onto the screen 6 
through the projection lens 4. 

Light 164 transmitted through the red-light reflecting 
dichroic mirror 629 is made incident upon the blue-light 
transmitting dichroic mirror 630. The blue-light transmitting 
dichroic mirror 630 is a mirror comprising a dielectric 
multilayered film, and Selectively reflects light having wave 
lengths of Substantially green light and the light of longer 
wavelengths, as the wavelength dependence of its reflec 
tance is schematically shown in FIG. 15. Light 165 reflected 
by the blue-light transmitting dichroic mirror 630 is made 
incident upon the polarizing beam splitter 7A. The incident 
light 165 is polarized and separated into a P polarized light 
component 165P and an S polarized light component 165S 
by the polarizing/separating plane 71A of the polarizing 
beam splitter 7A, and the respective light beams are made 
incident upon the high-resolution liquid crystal panel 640A 
and the low-resolution liquid crystal panel 630A, 
respectively, and are Subjected to the rotation of their 
polarization planes or the conversion into elliptically polar 



5,815,221 
49 

ized light in response to the application of Voltages to the 
liquid crystal panels. Namely, the light beams are Subjected 
to optical modulation. 
Of light beams 166 and 167 which returned from the 

liquid crystal panels after being Subjected to the rotation of 
their polarization planes or the conversion into elliptically 
polarized light, an Spolarized light 167S of the light 167 and 
a P polarized light 166P of the light 166 are reflected by or 
transmitted through the polarizing/separating plane 71A of 
the polarizing beam splitter 7A. Consequently, the light 
beams 166P and 167S are optically combined, and the 
combined light is reflected by the total reflection mirror 52, 
and is made incident upon the red-light transmitting dichroic 
mirror 631. The red-light transmitting dichroic mirror 631 
Selectively transmits light having wavelengths of Substan 
tially red light and the light of longer wavelengths, as its 
wavelength dependence is schematically shown in FIG. 16. 
The light 166P and 167S incident upon the red-light trans 
mitting dichroic mirror 631 is projected onto the screen 6 
through the projection lens 4. 

Light 168 reflected by the blue-light transmitting dichroic 
mirror 630 is reflected by the total reflection mirror 50, and 
is made incident upon the polarizing beam splitter 7. The 
incident light 168 is polarized and separated into a P 
polarized light component 168P and an S polarized light 
component 168S by the polarizing/separating plane 71 of the 
polarizing beam Splitter 7, and the respective light beams are 
made incident upon the high-resolution liquid crystal panel 
640 and the low-resolution liquid crystal panel 630, 
respectively, and are Subjected to the rotation of their 
polarization planes or the conversion into elliptically polar 
ized light in response to the application of Voltages to the 
liquid crystal panels. Namely, the light beams are Subjected 
to optical modulation. 
Of light beams 169 and 170 which returned from the 

liquid crystal panels after being Subjected to the rotation of 
their polarization planes or the conversion into elliptically 
polarized light, an Spolarized light 170S of the light 170 and 
a P polarized light 169P of the light 169 are reflected by or 
transmitted through the polarizing/separating plane 71 of the 
polarizing beam Splitter 7. Consequently, the light beams 
169P and 170S are optically combined, and the combined 
light is reflected by the total reflection mirror 51, and is made 
incident upon the blue-light reflecting dichroic mirror 632. 
The blue-light reflecting dichroic mirror 632 is a mirror 
comprising a dielectric multilayered film, and Selectively 
reflects light having wavelengths of Substantially blue light 
and the light of shorter wavelengths, as the wavelength 
dependence of its reflectance is Schematically shown in FIG. 
12. The light 169P and 170S incident upon the blue-light 
reflecting dichroic mirror 632 is projected onto the screen 6 
through the projection lens 4. 

In this configuration, since the reflected light (169S, 170P, 
166S, 167P 162S, 163P) from the respective liquid crystal 
panels which does not contribute to the image formation is 
returned to the projecting light Source 1, as shown in FIG. 
20, it goes without Saying that effective use is made of the 
power of the light Source. 
AS is apparent from the above description, the light 

Separating means for Spectrally Separating the natural light 
into three primary-color components of light are constituted 
by dichroic mirrors, and the light distributing means for 
distributing the Spectrally distributed light to the luminance 
Signal light modulating means and the chrominance-signal 
light modulating means for the respective colors and the 
light modulating/emitting means for optically combining the 
optically modulated light beams and emitting the combine 
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light are constituted by the polarizing beam splitters. 
Further, the optically modulated light beams of the respec 
tive colors (the light combined by the light modulating 
means for the luminance Signal and the chrominance Signal, 
i.e., the emergent light from the polarizing beam splitters) 
are optically combined by the light combining means con 
stituted by the dichroic mirrors 632 and 632 located imme 
diately before the projection lens 4 and arranged in Series. 
The configuration of the relationship between the P waves 
and the S waves, on the one hand, and the Video Signals, on 
the other, corresponds to FIG. 28C. 
The quality of this projected image is one which is 

classified as being the highest level among the embodiments 
of the present invention. In other words, the best mode of the 
white balance, in particular, can be configured Since opti 
mum Voltages can be set in detail for the respective panels 
of the luminance and chrominance Signals for each color. In 
addition, production efficiency is excellent Since an optical 
System for one color (e.g., a blue-light modulating optical 
system consisting of the optical elements 632, 51, 640, 630, 
7, and 50) is fabricated as a module, and this module can be 
used in a modified form for the optical systems for the other 
colors. 
A proper image is projected onto the Screen by the 

combination of the light beams projected onto the Screen in 
the above-described process. With Such a configuration of 
the optical System, the apparatus operates as the So-called 
normally black System in which a black Screen is formed 
when no voltages are applied to the liquid crystal panels. 
17th Embodiment 

FIG. 21 is a Schematic diagram of the optical System of 
the liquid crystal projector apparatus in accordance with a 
17th embodiment of the present invention. In FIG. 21, 
numeral 1 denotes the projecting light Source constituted by 
the lamp 10 and the reflecting mirror 11, and adapted to emit 
white emergent light 100 which is substantially parallel. The 
emergent white light 100 is spectrally separated into a red 
(R) component 100R, a green (G) component 100G, and a 
blue (B) component 100B by dichroic mirrors 501, 502, and 
503, and the Separated light beams are made incident upon 
a liquid crystal panel 303 for R, a liquid crystal panel 304Y 
for G, and a liquid crystal panel 305 for B, respectively. Each 
of the liquid crystal panels has a polarizer and an analyzer 
(not shown), and about 50% of the incident light is con 
verted into heat by the polarizer. Numerals 50R and 50B 
denote mirrors for reflecting R and B, respectively. 
The pixel size of each of the liquid crystal panel 303 for 

R and the liquid crystal panel 305 for B is arranged to be 
larger than the pixel size of the liquid crystal panel 304 for 
G. This arrangement is provided in correspondence with the 
fact that the visual Sensitivity of green, among the three 
primary colors, is high in the Visual characteristics of a 
human being. The bandwidth of the green Video signal is 
naturally made wider correspondingly. 

Also, with respect to the characteristic width of reflection 
concerning the respective wavelengths in the reflection R, g, 
and B by the dichroic mirrors 501, 502, and 503, the 
wavelength bandwidth of the green light should preferably 
be at least wider than the wavelength bandwidth of the blue 
and red light which are on both sides of the wavelength band 
of the green light. For this reason, three dichroic mirrors are 
provided in place of the two dichroic mirrors conventionally 
used. Further, it goes without Saying that these three dichroic 
mirrors constitute the light Separating means for optically 
Separating the white light into three light components of R, 
G, and B. 

Furthermore, the Video-Signal light modulating means for 
the three primary colors constituted by the transmission-type 



5,815,221 
S1 

liquid crystal panels are used instead of the reflection-type 
liquid crystal panels. In this configuration, the optically 
modulated light components for the respective colors are 
optically combined by the two dichroic mirrors, and are 
emitted to the projection lens 4 of the projecting means. The 
dichroic plane 36 is a plane for reflecting R and transmitting 
G, while the dichroic plane 37 is a plane for reflecting Band 
transmitting G. This embodiment corresponds to the fif 
teenth configuration. 

The bandwidth of the light modulating means for the G 
video signal should preferably be wider than those of the 
other colors in correspondence with the wavelength band 
width of the light. Accordingly, it is possible to reproduce a 
projected image having a high resolution with respect to the 
green color. 
18th Embodiment 

FIG. 22 is a Schematic diagram of the optical System of 
the liquid crystal projector apparatus in accordance with an 
18th embodiment of the present invention. In FIG. 22, 
numeral 1 denotes the projecting light Source constituted by 
the lamp 10 and the reflecting mirror 11, and adapted to emit 
white emergent light 100 which is substantially parallel. The 
emergent white light 100 is polarized and separated into the 
P waves and the S waves whose polarization directions are 
perpendicular to each other by means of the polarizing/ 
Separating plane 71 of the polarizing beam Splitter 7, and the 
S waves 101S are directed toward the liquid crystal panels. 
The P waves 101P are not used in this embodiment. To give 
a description for reference Sake, although the apparatus 
shown in the Second embodiment makes use of both polar 
ized light components of the P waves and the S waves, this 
embodiment makes use of only one of the polarized light 
components. The S waves 101S directed toward the liquid 
crystal panels are spectrally Separated into the three primary 
colors by the dichroic plane 37 reflecting B and transmitting 
G and the dichroic plane 36 for reflecting R and transmitting 
G, and the respective light beams are made incident upon the 
liquid crystal panel 33 for R, a liquid crystal panel 24Y for 
G and the liquid crystal panel 35 for B, respectively. At this 
time, the pixel size of each of the liquid crystal panel 33 for 
R and the liquid crystal panel 35 for B is made larger than 
the pixel size of the liquid crystal panel 34Y for G, and a 
green Signal having a wider bandwidth is applied to the 
liquid crystal panel 34Y for G, in the same way as in the 17th 
embodiment. 

The light beams, which are Subjected to optical modula 
tion in which the polarization directions of the light are 
controlled by the respective liquid crystal panels, and are 
then reflected, are combined by the dichroic planes 36 and 
37, and are made incident upon the polarizing beam splitter 
7. At this time, since the polarization direction of the 
incident light is rotated 90°, so that the polarization direction 
is changed from that of the S waves into that of the Pwaves. 
Hence, the light is transmitted through the polarizing/ 
Separating plane 71, and is enlarged and projected onto the 
Screen 6 as a color image. 

Although light 101P which does not contribute to the 
image formation at all is present in this embodiment, its rate 
(50%) is substantially equivalent to the rate of a loss due to 
the polarizers in the 17th embodiment using the 
transmission-type liquid crystal panels. Since the liquid 
crystal panels are of the reflection type, it is possible to 
obtain a higher aperture ratio (an effective display area with 
respect to a unit area of pixels in the liquid crystal panel) 
than the transmission-type panel, So that the effective utili 
Zation rate of the total light becomes higher than that in the 
17th embodiment. 

1O 

15 

25 

35 

40 

45 

50 

55 

60 

65 

52 
This configuration is arranged Such that, in a way, the light 

modulating means for the luminance signal (22, 21, i.e., 2) 
in the configuration of the second embodiment (FIG. 2) is 
not used, and the pixel Size of the green-signal light modu 
lating means is made finer than those of the other colors 
instead, and the bandwidth of the green Video Signal is wider 
So as to obtain Sufficient reproduction reality of the green 
color which is sensitive to the resolution. It is naturally 
possible to reuse this light not being used, by using a means 
(19th embodiment which will be described later) for feeding 
back the unused light to the projecting light Source. 

In addition, Since there are various patterns of color in the 
actual natural image, it is possible to adopt a configuration 
in which the imageSize of not only the green color but also 
the R, G, and B of the liquid crystal panels 33, 34Y, and 35 
can be varied by, for example, 72 (or '/3, i.e., arbitrarily) with 
respect to a normal size 1 (a configuration in which one 
panel of fine pixels is used, or two or three panels having 
Such pixels are juxtaposed in parallel), So as to adaptively 
Select the pixels of one of R, G, and B in correspondence 
with the relative magnitude of the R, G, and B levels of the 
Video signals and the high-band components (adaptive light 
modulating means). In other words, in cases where the 
image is a red rose, and the red chrominance Signals are 
more numerous than the other Signal levels, and there are 
higher components in terms of the frequency, the R liquid 
crystal panel may be changed (Switched over) to the fine 
pixel mode only at that timing. This novel technological 
concept is Summarized as corresponding to the twenty 
fourth configuration. 
19th Embodiment 

FIG. 23 is a Schematic diagram of the optical System of 
the liquid crystal projector apparatus in accordance With a 
19th embodiment of the present invention. In the configu 
ration of this embodiment, the mirror 50 for reflecting the 
light 101P which does not contribute to the image formation 
in the preceding 18th embodiment is provided. The remain 
ing portions are similar to those of the 18th embodiment. In 
this embodiment, the light 101P with the P waves are 
transmitted through the polarizing/separating plane 71 by 
the mirror 50, and return to the lamp. The light which 
returned to the lamp undergoes a change in its polarization 
direction due to a combination of the reflecting mirror 11 and 
a aspherical lamp, with the result that the light is directed 
again toward the polarizing beam splitter 7 as light having 
both the P and S components. The S waves are directed 
towards the liquid crystal panels by the polarizing/separating 
plane, while the P waves are directed toward the mirror 50, 
but are reflected again, and return to the lamp. AS the 
above-described operation is repeated, as for the P waves 
which reciprocate between the projecting light Source 1 and 
the mirror 50, Some of them are converted to the S waves on 
each occasion of the reciprocation and are directed toward 
the liquid crystal panels, So that the effective utilization ratio 
of the light improves. This embodiment corresponds to the 
twenty-third embodiment. An embodiment for further 
improving the effective utilization ratio is shown next. 
20th Embodiment 

FIG. 24 is a Schematic diagram of the optical System of 
the liquid crystal projector apparatus in accordance with a 
20th embodiment of the present invention. In the drawing, 
reference numerals 33 and 331 denote reflection-type liquid 
crystal panels for R having the same arrangements, 35 and 
351 denote reflection-type liquid crystal panels for B having 
the same arrangements; and 34Y and 34Y1 denote 
reflection-type liquid crystal panels for G having the same 
arrangements. The pixel Size of each of the reflection-type 
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liquid crystal panels 33, 331 for R and the liquid crystal 
panels 35, 351 for B is larger than the pixel size of each of 
the reflection-type liquid crystal panels 34Y and 34Y1 for G, 
and the green-Video signal is applied to the reflection-type 
liquid crystal panels 34Y and 34Y1 for G, in the same way 
as in the 18 and 19th embodiments. 

That is, in this 20th embodiment, optical modulation is 
carried out by the Video-signal light modulating means for 
each color by using the P waves of the light component 
101P, just as the S waves are subjected to video-signal light 
modulation for each color in the 19th embodiment instead of 
reflecting the light component 101P by the total reflection 
mirror 50 in the preceding 19th embodiment. 

In this 20th embodiment, a very bright image can be 
obtained since reflection-type liquid crystal panels having a 
high aperture ratio and all the P waves and the S waves are 
utilized although the number of liquid crystal panels and the 
number of the polarizing beam Splitters increase. This 
embodiment corresponds to the twenty-fifth embodiment. 

Also, when Seen from a different perspective, this con 
figuration has another capacity for development in that if the 
configuration of optical modulation of the S waves on the 
left-hand side of FIG. 24 is used for the left eye, and the 
configuration of optical modulation of the P waves on the 
right-hand Side is used for the right eye, the apparatus in 
accordance with this embodiment can be used for a 
projected-image reproducing apparatus for reproducing a 
three-dimensional image. 
21st Embodiment 

FIG. 25 is a schematic diagram of the optical system of 
the liquid crystal projector apparatus in accordance with a 
21st embodiment of the present invention. This is an 
embodiment in which attention is focused on the reutiliza 
tion of light (e.g., light 106 in FIG. 3) which does not 
contribute to the image formation. In the drawing, numeral 
10 denotes the lamp; 1000 denotes an integrated reflection 
mirror constituted by a guide for collecting white light 100S 
emitted from the lamp 10; 1001 denotes a parabolic mirror 
for converting light, having a large divergence angle among 
the light components from the integrated reflection mirror 
1000, into a substantially parallel beam of light; 1002 
denotes a lend for converting light, having a Small diver 
gence angle among the light components from the integrated 
reflection mirror 1000, into a substantially parallel beam of 
light. 
A substantially total quantity of the white light 100S 

emitted from the lamp 10 is radiated to the parabolic mirror 
1001 and the lens 1002 by the integrated reflection mirror 
1000, and is emitted toward the liquid crystal panels as the 
substantially parallel white light 100 by means of the 
parabolic mirror 1001 and the lens 1002. Of the emitted light 
100, the light 1006 which did not contribute to the image 
formation (e.g., the light 106 in FIG. 3 or the light 102T in 
FIG. 11) is guided toward a mirror 1003 by an optical system 
(not shown), its direction is changed by a mirror 1004, and 
the light is focused into a small spot by a focusing lens 1005, 
and is radiated to the interior of the integrated reflection 
mirror 1000 through a small hole. 
The light radiated to the interior of the integrated reflec 

tion mirror 1000 through the small hole is Superposed on the 
light 100S emitted from the lamp, and is directed toward the 
liquid crystal panels as the Substantially parallel white light 
100 by the parabolic mirror 1001 and the lens 1002. As the 
above-described operation is repeated, as for the light which 
did not contribute to the image formation, its ratio of 
contribution to the image formation gradually increases. 
hence, the rate of utilization of the light emitted from the 
lamp 10 increases, thereby making it possible to obtain a 
bright image. 
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Incidentally, although the mirrors 1003 and 1004 are used 

to return the light which did not contribute to the image 
formation to the light Source Section, if, for example, an 
optical fiber is used, the flexibility of the light path improves 
remarkably, So that leeway in the fabrication of the apparatus 
increases. 

In addition, if the optical members 1003, 1004, and 1005, 
when seen as a whole, constitute a point-light-source gen 
erating means, and the Small hole on the right-hand Side of 
the integrated reflection mirror 1000 is a light receiving hole. 
22nd Embodiment 

FIG. 29 is a schematic diagram of the optical system of 
the liquid crystal projector apparatus in accordance with a 
22nd embodiment of the present invention. Reference 
numeral 1 denotes the projecting light Source constituted by 
the lamp 10 and a reflecting mirror (e.g., an elliptical mirror 
in this embodiment) 11 of a means for collecting the 
emergent light, and the projecting light Source emits white 
emergent light which is Substantially parallel. This emergent 
light passes through IR, UV cutoff filters for shielding 
unwanted infrared rays and ultraViolet rays and through the 
lens 4-E, and is made incident upon the polarizing beam 
splitter (first light distributing means) 7. 
The P waves and the S waves which are perpendicular to 

each other are transmitted through or reflected by the 
polarizing/separating plane 71. 
The reflected S waves are spectrally separated into the red 

(R), green (G), and blue (B) components by the dichroic 
mirrors 501 and 502, and 503, and the light components are 
made incident upon the liquid crystal panel 303 for R, the 
liquid crystal panel 304Y for G, and the liquid crystal panel 
305 for B, respectively. Here, the dichroic mirror 503 may 
be the total reflection mirror 50B. In this configuration, as 
for the light transmitted through pixels to which the liquid 
crystal driving Voltages are not applied in the liquid crystal 
panels 303, 304, and 305 for the respective colors, their 
polarization directions are optically rotated (the S waves are 
converted to the P waves), and the light components are 
made incident again upon the dichroic mirrors 501, 502, and 
503, and are made incident upon another polarizing beam 
splitter (first light combining means) 7A. Then, the P waves 
of this light are transmitted through the polarizing/separating 
plane 71A, passes through the projection lens 4, and repro 
duce a projected image on the Screen 6. 

Meanwhile, as for the P waves transmitted through the 
polarizing beam splitter 7, the croSS Section of their optical 
path is enlarged by a first optical means constituted by lenses 
4B and 4C, and this light beam is made incident upon a 
high-resolution liquid crystal panel (however, transmission 
type) 640C. As for the light transmitted through pixels to 
which the liquid-crystal driving Voltage is not applied in the 
liquid crystal panel 640C, its polarization direction is opti 
cally rotated by 90° (the P waves are converted to the S 
waves), the cross Section of the optical path is reduced by a 
Second optical means constituted by lenses 4C and 4D, and 
the light beam is made incident upon another polarizing 
beam splitter 7A. The light beam is reflected by its 
polarizing/separating plane 71A, passes through the projec 
tion lens 4, and reproduces a projected image on the Screen 
6. 
The light transmitted through pixels to which the liquid 

crystal driving Voltage is applied in the liquid crystal panels 
does not undergo optical rotation, So that this light is focused 
on the left-hand side of the polarizing beam splitter 7A and 
is emitted, and does not contribute to the image formation. 

It is apparent that the set of dichroic mirrors 501 and 502, 
and 503, which spectrally separate the polarized light of the 
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S waves reflected by the polarizing/separating plane 71 of 
the polarizing beam splitter 7 Serving as the first light 
distributing means into the optical wavelengths of the 
respective colors of R, G, and B, and which optically 
distribute the light components toward the liquid crystal 
panels for the respective colors, constitute a fifth light 
distributing means. It is also apparent that another Set of 
dichroic mirrors 501,502, and 503, which optically combine 
the optically modulated light components of the respective 
colors transmitted through the liquid crystal panels 303, 
304Y, and 305 and emit the combined light toward the 
polarizing beam splitter 7A (first light combining means), 
constitute a third light combining means. 

Accordingly, the configuration is provided with a minute 
design Such that the apparatus in accordance with this 
embodiment is comprised of a total of four independent 
liquid crystal panels Serving as the light modulating means 
including at least the transmission-type luminance-signal 
light modulating means of the polarization controlling type 
for controlling the polarization State of the polarized light, as 
well as the first light distributing means and the first light 
combining means each constituted by independent polariz 
ing beam splitters, the polarized light incident upon the 
chrominance-signal light modulating means being Spectrally 
Separated in correspondence with the optical wavelengths of 
the three primary colors. In particular, the croSS Section of 
the light in the optical path which is not Subjected to optical 
modulation and the croSS Section of the light in the optical 
path which is Subjected to optical modulation are indepen 
dent of each other, and independent optical paths are pro 
Vided in correspondence with a total of four signals, i.e., the 
luminance Signal and the three kinds of chrominance signals 
as the Video Signals. Such a minute configuration is not seen 
in other embodiments of the present invention. (On other 
words, in the reflection-type light modulating means in the 
other embodiments, the incident light and the modulated 
light are optically processed in a common optical path croSS 
Section.) 

For this reason, this configuration permits new combina 
tions of processing between the optical processing System 
and the Video-Signal processing System. for example, it is 
possible to adopt a combination of the Signal processing 
System and the optical processing System whereby the 
optical modulation corresponding to the high-frequency 
component of the Video Signals estimated from other 
embodiments is executed by the luminance-signal light 
modulating means, while the optical modulation corre 
sponding to the medium- and low-frequency components of 
the Video signals is executed by the chrominance-signal light 
modulating means. Additionally, it is possible to provide 
Signal processing wherein the distribution of the brightness 
components of the Video Signals are redistributed to the 
luminance-signal light modulating means and the 
chrominance-signal light modulating means Such that the 
modulated light beams from the two light modulating means 
become Substantially equal in the croSS Sections of the 
mutually perpendicular optical paths in the polarizing beam 
splitter 7A of the first light combining means. 

For this reason, the polarized light (polarized light in 
which the P waves are converted to the S waves, and vice 
versa) modulated by the two light modulating means 
increaseS relatively with a good balance. Consequently, it is 
possible to obtain the effect of increased efficiency due to the 
operation different from those of the other embodiments in 
that the light which does not contribute to the image for 
mation (the above-described polarized light which is 
focused on the left-hand Side of the polarizing beam splitter 
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7A and is emitted) decreases in an active mode, thereby 
making it possible to obtain high efficiency. 

In addition, in this configuration, Since the first and 
Second optical means are inserted before and after the liquid 
crystal panel 640C of the luminance-signal light modulating 
means, So that it is possible to effectively emit modulated 
light Smaller than the pixel Size of the liquid crystal panel 
toward the polarizing beam splitter 7A. For this reason, it is 
readily possible to provide an optimum configuration (the 
identification of the two modulated light beams in the croSS 
Sections of the optical paths of the first light combining 
means and the effective minimization of the pixel size of the 
luminance light modulated light) by overriding the con 
Straints (the aperture ratio and the pixel Size) in the light of 
the devices of the respective modulating means. 
AS described above, in accordance with the above 

configurations, a polarizing beam splitter is used in at least 
one of the means for distributing light to the luminance 
Signal light modulating means and the chrominance-signal 
light modulating means or combining the light therefrom. 
Therefore, the polarizer or analyzer which is conventionally 
used in the liquid crystal panel or the like Serving as the light 
modulating means, as described above, is made unnecessary. 
For this reason, the light which is absorbed by the polarizer 
or analyzer provided in the conventional liquid crystal panel 
can be effectively utilized as projection light, with the result 
that a bright image is obtained. Moreover, heat generation 
due to the absorption by the polarizer or analyzer is 
Suppressed, and a compact design is possible. 

For example, the distribution of light is effected by a 
polarizing beam Splitter, i.e., the polarizing optical means. In 
addition to the first light distributing means of the invention, 
the light-quantity distributing means (constituted by the 
polarization controlling means for determining each propor 
tion of the quantity of mutually perpendicular polarized light 
and the third light distributing means for distributing the 
quantity of light to the two light modulating means for the 
luminance and chrominance signals at a predetermined ratio 
determined by the polarization controlling means), or in 
accordance with the invention Stated in the claims in which 
both the light modulating means for the luminance and 
chrominance Signals are provided, the natural light from the 
light Source is separated into P and S polarized light beams 
at a predetermined ratio, different polarized light beams are 
made incident upon the light modulating means for the 
luminance Signal and the chrominance Signal, respectively, 
and after the polarized light beams are Subjected to optical 
modulation, the polarized light beams are combined to form 
an image. Since the above-described configuration is used, 
these operations act Synergistically, with the result that the 
light from the light source is utilized by 100%. 

In other words, by Virtue of the arrangement comprising 
the light-quantity distributing means and the two light 
modulating means, the natural light from the light Source is 
Separated into P and S polarized light beams at a predeter 
mined ratio without causing a loss, and can be used by 100% 
for the luminance-signal light modulating means and the 
chrominance-signal light modulating means. For this reason, 
it is possible to obtain a special advantage in that the 
brightness of at least about 2-fold that of the conventional 
TN-type liquid crystal system (the brightness of 1.8-fold 
from the viewpoint that all the P waves and S waves are 
utilized) can be obtained. Thus, a unique advantage is 
obtained which is produced from the combination in accor 
dance with the present invention in which both P waves and 
S waves are used for the two light modulating means. 

If consideration is given to the fact that the absorption of 
light (approx. 50%) by the polarizer or analyzer is Substan 
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tially nil, the apparatus of the present invention is provided 
with a latent capability of obtaining an even brighter pro 
jected image. 

In addition, if the present invention is viewed from an 
overall point of view, there is an advantage in that the mutual 
combination of various processings of light, Such as the 
configuration for returning polarized light which does not 
contribute to image formation toward the projecting light 
Source, the use of the polarized light which does not con 
tribute to the image formation as the polarized light for the 
other light modulating means, and the recombination of the 
ratio of the P waves and the S waves extracted from the 
natural light, becomes possible concerning the embodiments 
of the present invention, together with other combinations of 
the embodiments and combinations which can be estimated 
from the embodiments. The underlying reason for this is that 
the natural light is utilized on the basis of the technological 
concept that the natural light is regarded as being a combi 
nation of mutually perpendicular polarized light. 

In accordance with the embodiment of the present inven 
tion in which the luminance-signal light modulating means 
which is not provided in the conventional projector appa 
ratus is newly added as one of the plurality of light modu 
lating means constituting the Video-Signal light modulating 
means, in addition to the merit that one polarized light beam 
can be utilized as the luminance component indicating the 
brightness among the video signals, there is an advantage in 
that new combinations are made possible between the opti 
cal System and the Video signal System. Hence, the efficiency 
of mutual utilization of the light and the Video signals can be 
enhanced further. 

In other words, as an example of the configuration of 
combination in which, for example, the luminous flux of one 
polarized light beam emergent from the luminance-signal 
light modulating means and the luminous flux of the other 
polarized light beam emergent from the chrominance-signal 
light modulating means are made Substantially equal by 
reducing a loSS, it is possible to obtain an unprecedented new 
combination in which the Signal of the brightness compo 
nent of the Video signals is redistributed to the luminance 
Signal light modulating means and the chrominance-signal 
light modulating means, and a high-frequency component of 
the Video Signals is processed by the former means, while 
medium- and low-frequency components of the Video Sig 
nals are processed by the latter means. Consequently, it is 
possible to realize a projector apparatus for reproducing a 
highly bright projected image the realization of which has 
hitherto been difficult. 

In addition, if the present invention is viewed from a 
different perspective, the number of projection lenses used is 
reduced to one. In other words, Since the combination of 
light from the luminance-signal modulating liquid crystal 
panel and the chrominance-signal modulating liquid crystal 
panel is effected by the polarizing beam Splitter, the con 
ventionally used polarizer has become unnecessary, and 
only one projection lens can be used, with the result that a 
compact and inexpensive apparatus has become possible. 
Since the luminance-signal modulated light and the 
chrominance-signal modulated light are optically combined 
in the projector apparatus, the image is not deformed in a 
trapezoidal shape, and it is unnecessary to adjust the angle 
of the projection lens each time the distance between the 
projector apparatus and the Screen is changed, thereby 
making the handling convenient. 

In addition to the above-described overall effects of the 
present invention seen from the overall perspective, a 
description will be given hereafter individually of the 
respective aspects of the invention in order. 
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The combination of the arbitrary set of mutually perpen 

dicular polarized light beams and another Set of linearly 
polarized light beams is made possible, So that the emergent 
light can be used as multifaceted information carrying 
means. For instance, time-axis multiplex processing is used 
for the optical System and the Video signal System, it is 
possible to realize a projector apparatus for optically modu 
lating two mutually perpendicular Sets of polarized light 
beams on the basis of three-dimensional video signals (left 
and right video signals) So as to project a three-dimensional 
image. 

Because an arbitrary Set of mutually perpendicular polar 
ized light beams of the emergent light from the natural light 
is utilized for the optical modulation of the luminance Signal 
and the optical modulation of the chrominance Signal, the 
brightness of the projected image can be Substantially 
doubled as compared with the conventional TN-type liquid 
crystal System (including the polarization controlling 
System). 
The first light distributing means and the first light com 

bining means are used jointly by a single polarizing beam 
Splitter, which is a reflection-type light modulating means 
having a high aperture ratio, So that it is possible to realize 
a projector apparatus in which the optical path length is the 
Shortest, the projected image is bright, and the optical 
configuration is compact. A notable point is that the light 
which does not contribute to the image formation is returned 
to the projecting light Source, and the light is effectively 
utilized. Since the respective means can be arranged com 
pactly as a lamp unit (also serving as a heat radiating unit), 
a polarizing optical unit, a reflection-type liquid crystal unit, 
and a projection lens unit (see FIG. 30), the apparatus excels 
in the mass production and production efficiency. 

In accordance with another configuration, Since the Video 
Signal light modulating means is of the transmission type in 
addition to the polarization controlling System for modulat 
ing the polarization State of the light, the Overall operational 
mode can be used as either normally black or normally white 
operational mode by a simple minor change of the optical 
System. That is, the apparatus can be formed as a type in 
which emphasis is placed on the white balance of the 
projected image or a type in which emphasis is placed on the 
black level balance, to Suit the taste. 

In addition, if the apparatus is configured in Such a 
manner that both modes of normally black and normally 
white are projected Substantially simultaneously by using 
the, So to speak, the dual feature of the operational mode, it 
is possible to realize a projector apparatus which Simulta 
neously compensates for the drawbacks of the conventional 
liquid crystal projector which lacks either the balance as 
Seen in pure white and pure white experienced in the past 
and the gradient (depth from the black level to the white 
level). 

In accordance with another configuration of the invention, 
the arrangement provided is Such that the polarized light 
which does not contribute to the image formation in the 
luminance-Signal light modulating means or the 
chrominance-signal light modulating means is introduced to 
the chrominance-signal light modulating means or the 
luminance-signal light modulating means, So that the light is 
effectively utilized, and a brighter projected image is 
obtained. 

In accordance with other configurations according to the 
invention, Since the light-quantity distributing means is 
comprised of the polarization controlling means (with the 
light distributing means), of the emergent light from the light 
collecting means, the light is allotted without a loSS in the 



5,815,221 
59 

total quantity of mutually perpendicular polarized light, and 
is distributed to the light modulating means for the respec 
tive signals. In other words, Since the technological concept 
is used in which the ratio of the P waves and the S waves 
from the natural light is changed by effecting optical com 
bination after one wave is recombined with another wave, a 
light-quantity distributing means in which the loSS of light is 
Small. As a result, the efficiency of the projector apparatus 
(particularly the optical efficiency and Small heat generation) 
is enhanced. 

Then, as the polarization controlling means, various con 
figurations are adopted in which a polarizing beam splitter 
having different polarizing/separating characteristics is 
used, a phase difference means is used for causing a differ 
ence in the phase Velocity of propagating polarized light and 
changing the polarization State, a difference in the angle of 
Spatial combination of the polarizing optical means and the 
phase difference means is used, optical anisotropy of the 
optical rotatory power typically Seen in liquid crystals is 
used, and a monochromatic panel with or without pixels as 
typically Seen in liquid crystals is used. In conclusion, 
however, Since the arrangement provided is Such that the 
polarization controlling means is provided in part of the 
optical path, the distribution of the quantity of light with a 
minimum loSS which makes it possible to readily arrange the 
polarization controlling means is made possible. 

In accordance with another configuration of the invention, 
in particular, it is possible to make variable the ratio of the 
combination of the P waves and the S waves by making 
variable the angle of Spacial combination of the phase 
difference means and the polarizing optical means, i.e., by 
Simply rotating the phase difference means, So that the 
apparatus is Suitable for mass production. 

Because the so-called monochromatic liquid crystal pan 
els are possibly used as the polarization controlling means, 
the polarization controlling means can be disposed before 
and after the optical path of the polarizing beam splitter, the 
fine adjustment of the control of the quantity of light can be 
can be electronically controlled including the control of 
distribution of light quantity over the entire croSS Section of 
the optical path, and that arrangement can be made low in 
cost. Namely, light-quantity control compatible with the 
polarization controlling means is made possible. In addition, 
high efficiency is attained for the liquid crystal projector 
apparatus using the polarization controlling System. 

In accordance with other configurations of the invention, 
the usable wavelength ranges of the polarization optical 
means are allotted, and the polarizing optical means are 
hence provided with the polarizing/separating characteris 
tics for the respective allotted wavelength ranges. The fact 
that the polarization optical means are provided with par 
ticular wavelength bands to obtain polarizing/separating 
characteristics means that the production cost of the polar 
ization optical means is made low and that only particular 
wavelengths are transmitted or reflected, i.e., the light is 
Separated into Spectral components. This serves to prevent 
the mutual interference of light in the optical path, and the 
dichroic mirror Serves to act in a complementary manner. 
Consequently, depending on the optical configuration, it is 
possible to realize a projector optical configuration which is 
low in cost and capable of projecting an image with an 
excellent tone of color, and in which the number of dichroic 
mirrors used is Small. 

In accordance with another configuration of the invention, 
a projected image in which green information of the natural 
World is expressed finely is reproduced. 

In accordance with another configuration of the invention, 
the light which does not contribute to image formation is 
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returned to the light collecting means. In other words, the 
efficiency of the light incident upon the light modulating 
means improves. There is an advantage in that the overall 
efficiency of the projector apparatus improves. 

In accordance with other configurations of the invention, 
the invention is arranged Such that respective optical Sys 
tems corresponding to the luminance component (K 
component) of the Video signals and the three kinds of 
chrominance components (C components) corresponding to 
the three primary colors are provided. New combinations 
between the optical Systems and the Video signal System 
(first, Second, and third combinations) are made possible. 
For example, a projector apparatus having the following 
various characteristics is realized: the first combination 
gives the best tone of color, the third combination gives an 
excellent tone of color and is low in cost, and in the Second 
combination the number of liquid crystal panels of the 
Video-signal light modulating means is Small. 
AS means for embodying the apparatus, the Video-signal 

light modulating means is of the reflection type, and has the 
polarization optical means and optical elements, i.e., dich 
roic mirrors, which reflect or transmit specific wavelengths 
of light. When an image is displayed, this arrangement offers 
an important effect in which the apparatus is capable of 
coping with either operational mode of normally black or 
normally white. Thus, there is an effect in that a projected 
image matching the Visual characteristics of a human being 
is reproduced, and the color information is made Sufficiently 
bright. 

In accordance with other configurations according to the 
invention, although one polarized light beam is fixedly Set 
for the luminance component, while the other polarized light 
beam is fixedly Set for the chrominance component, the 
optical path length is reduced most by an optical arrange 
ment using the polarizing optical means and dichroic mirrors 
(36, 37) of a compact configuration, and the formation of a 
one-packet unit (e.g., FIG. 30) of the optical configuration is 
made possible. 
A unit in which three primary color filters arranged 

integrally are used as the chrominance-signal light modu 
lating means, the dichroic mirrors are made unnecessary, So 
that a liquid crystal projector having a simpler optical 
System is made possible. 

In accordance with another configuration to the invention, 
it is possible to realize a low-cost projector apparatus using 
light modulating means of the polarization controlling Sys 
tem and of the transmission type. The apparatus is easily 
capable of coping with either operational mode of normally 
white and normally black. 

This is one effect due to the fact that the first light 
distributing means and the first light combining means are 
provided independently. For example, Since it is possible to 
cope with the two modes by Simply changing only the 
arrangement of the first light combining means and the 
projecting means by 90, if two optical Systems are used in 
parallel, it is possible to obtain a projected image excelling 
in both the black level and the white balance. 

In accordance with another configuration according to the 
invention, the Video-signal light modulating means is com 
prised of only a set of respectively independent reflection 
type light modulating means for the respective colors of R, 
G, and B corresponding to the three primary colors, and the 
polarized light which does not contribute to the image 
formation Serves to return to the light collecting means by 
the reflecting means, So that the rate of effective utilization 
of the light is high. Hence, even if the luminance-signal light 
modulating means is not provided as in the case of the 
conventional liquid crystal projector, the projected image is 
bright. 
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In accordance with yet another configuration according to 
the invention, Since the light modulating means is adaptive 
type light modulating means which is adaptively changed 
over to the large pixel Size or Small pixel Size of the light 
modulating means in correspondence with the levels of the 
primary colors of the Video signals and the relative magni 
tude of the high-frequency components (high-frequency 
band components), even if the luminance-signal light modu 
lating means is not provided, it is possible to reproduce a fine 
projected image. In a case where the luminance-signal light 
modulating means is provided, the optical modulation based 
on the Video Signals of the high-frequency components is 
made possible by the a fine pixel size for both the 
luminance-signal light modulating means and the 
chrominance-signal light modulating means, So that a more 
favorable projected image (having a high resolution) is made 
possible. 

In accordance with Still another configuration according 
to the invention, Since two sets of independent light modu 
lating means for the respective colors of R, G, and B are 
provided, a bright projected image is reproduced with high 
efficiency of light utilization. In particular, two Sets of light 
modulation means may be used for right and left eyes, 
respectively, Such that a low-cost projector apparatus for 
reproducing a three-dimensional image may be constructed. 

In accordance with another configuration according to the 
invention, the polarization controlling System for controlling 
the modulation of the polarization State of light is used, and 
an arrangement is provided in which the processing of light, 
including the distribution of light, optical Separation, optical 
modulation, and optical combination concerning the optical 
System, is carefully designed in correspondence with the 
Signal processing of the chrominance component and the 
luminance component in the Video signal System. The trans 
mission type is used for all the four light modulating means, 
respectively. 

Accordingly, new combinations between the optical SyS 
tem and the Video signal processing System are made 
possible. In other words, the optical modulation correspond 
ing to the high-frequency component of the Video signals is 
executed by the luminance-signal light modulating means, 
while the optical modulation corresponding to the medium 
and low-frequency components of the Video signals is 
executed by the chrominance-signal light modulating 
means. Additionally, it becomes possible to provide Signal 
processing for redistributing the brightness components to 
the luminance-signal light modulating means and the 
chrominance-signal light modulating means by tracing back 
to not only the control of light but also the distribution of the 
Signals of brightness components of the Video signals, i.e., 
by tracing back to Video signal processing, Such that the 
luminous fluxes of the modulated light from the two light 
modulating means become Substantially equal in the respec 
tive input optical path croSS Sections of the first light 
combining means. Another advantage derived from this 
effect is that the amount of light which does not contribute 
to the image formation is actively made Small. That is, high 
efficiency is attained. 

In particular, if the configuration is provided as in the 
present invention Such that a plurality of light modulating 
means including at least the luminance-signal light modu 
lating means of the polarization controlling System and of 
the transmission type are provided, and the first light dis 
tributing means and the first light combining means are 
independently provided, the above-described novel techno 
logical concept in which the luminous fluxes of the two 
modulated light beams at the first light combining means are 
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made equal becomes possible. As a consequence, it is 
possible to realize a liquid crystal projector apparatus for 
reproducing a bright projected image having an excellent 
tone of color and optimum efficiency. Additionally, the 
projected image has a high resolution. 

In addition, the realization of Such a projector apparatus 
is accelerated. In other words, Since the first and Second 
optical means are provided, it is possible to provide an 
optimum configuration (the identification of the two modu 
lated light beams in the croSS Sections of the optical paths of 
the first light combining means and the effective minimiza 
tion of the pixel size of the luminance light modulated light) 
by overriding the constraints (the aperture ratio and the pixel 
Size) in the light of the devices of the respective modulating 
CS. 

The invention being thus described, it will be obvious that 
the same may be varied in many ways. Such variations are 
not to be regarded as a departure from the Spirit and Scope 
of the invention, and all Such modification as would be 
obvious to one skilled in the art are intended to be included 
within the Scope of the following claims. 
What is claimed is: 
1. A projector apparatus including light Source means for 

emitting white light, light collecting means for collecting 
emergent light from Said light Source means, Video-signal 
light modulating means for Subjecting emergent light from 
Said light collecting means to optical modulation in accor 
dance with inputted Video Signals, and projecting means for 
enlarging and projecting image light from Said Video-signal 
light modulating means onto a display Screen, 

wherein Said Video-signal light modulating means com 
prises luminance-signal light modulating means and 
chrominance-signal light modulating means for modu 
lating a polarization State of the light in accordance 
with a luminance Signal and chrominance Signals, 
respectively, of the inputted Video Signals, 

Said projector apparatus comprising: 
first light distributing means for distributing the emer 

gent light from Said light collecting means to Said 
luminance-signal light modulating means and Said 
chrominance-signal light modulating means, and 

first light combining means for combining modulated 
light beams from Said luminance-signal light modul 
lating means and Said chrominance-signal light 
modulating means, 

wherein Said first light distributing means and Said first 
light combining means are constituted of polarizing 
optical means for Separating natural light into polar 
ized light beams of a plurality of polarization States 
or combining the light beams of the plurality of 
polarization States, and 

wherein Said luminance-signal light modulating means 
and Said chrominance-signal light modulating means 
are constituted of transmission-type light modulating 
means or reflection-type light modulating means, 
and wherein a component, not contributing to image 
formation, of light transmitted through or reflected 
by Said luminance-signal light modulating means or 
Said chrominance-signal light modulating means is 
guided to at least one of Said chrominance-signal 
light modulating means and Said luminance-signal 
light modulating means by using Second light dis 
tributing means constituted of polarizing optical 
CS. 

2. A projector apparatus including light Source means for 
emitting white light, light collecting means for collecting 
emergent light from Said light Source means, Video-signal 
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light modulating means for Subjecting emergent light from 
Said light collecting means to optical modulation in accor 
dance with inputted Video Signals, and projecting means for 
enlarging and protecting image light from Said Video-signal 
light modulating means onto a display Screen, 

wherein Said Video-Signal light modulating means com 
prises luminance-signal light modulating means and 
chrominance-signal light modulating means for modul 
lating a polarization State of the light in accordance 
with a luminance Signal and chrominance Signals, 
respectively, of the inputted Video Signals, 

Said projector apparatus comprising: 
first light distributing means for distributing the emer 

gent light from Said light collecting means to Said 
luminance-signal light modulating means and Said 
chrominance-signal light modulating means, and 

first light combining means for combining modulated 
light beams from Said luminance-signal light modul 
lating means and Said chrominance-signal light 
modulating means, 

wherein Said first light distributing means and Said first 
light combining means are constituted of polarizing 
optical means for Separating natural light into polar 
ized light beams of a plurality of polarization States 
or combining the light beams of the plurality of 
polarization States, 

wherein Said luminance-signal light modulating means 
and Said chrominance-signal light modulating means 
are constituted of reflection-type light modulating 
means, and 

Said first light distributing means and Said first light 
combining means are constituted of a single polar 
izing optical means. 

3. The projector apparatus according to claim 1, wherein 
Said luminance-signal light modulating means and Said 
chrominance-signal light modulating means are constituted 
of transmission-type light modulating means. 

4. A projector apparatus including light Source means for 
emitting white light, light collecting means for collecting 
emergent light from Said light Source means, Video-signal 
light modulating means for Subjecting emergent light from 
Said light collecting means to optical modulation in accor 
dance with inputted Video Signals, and projecting means for 
enlarging and projecting image light from Said Video-signal 
light modulating means onto a display Screen, 

wherein Said Video-Signal light modulating means com 
prises luminance-signal light modulating means and 
chrominance-signal light modulating means for modul 
lating a polarization State of the light in accordance 
with a luminance Signal and chrominance Signals, 
respectively, of the inputted Video Signals, 

Said projector apparatus comprising: 
first light distributing means for distributing the emer 

gent light from Said light collecting means to Said 
luminance-signal light modulating means and Said 
chrominance-signal light modulating means, 

first light combining means for combining modulated 
light beams from Said luminance-signal light modul 
lating means and Said chrominance-signal light 
modulating means, 

wherein Said first light distributing means and Said first 
light combining means are constituted of polarizing 
optical means for Separating natural light into 
orthogonally polarized light beams or combining the 
orthogonally polarized light beams, and 

polarization control means for controlling a ratio 
between quantities of the orthogonally polarized 
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light beams distributed to Said luminance-signal light 
modulating means and Said chrominance-signal light 
modulating means. 

5. The projector apparatus according to claim 4, wherein 
Said polarization control means comprises polarizing optical 
means for polarizing natural light into orthogonally polar 
ized light beams with different polarization light Separating 
characteristics, and means for changing a polarization direc 
tion of at least one of the orthogonally polarized light beams 
to a different polarization direction different than another 
one of the orthogonally polarized light beams. 

6. The projector apparatus according to claim 5, wherein 
Said means for changing a polarization direction is consti 
tuted of phase difference means having a medium for 
causing a difference in a phase Velocity of propagating 
polarized light to change its polarization State. 

7. The projector apparatus according to claim 4, wherein 
Said polarization controlling means comprises phase differ 
ence means having a medium for causing a difference in a 
phase Velocity of propagating polarized light to change its 
polarization State, and polarizing optical means for Separat 
ing natural light into orthogonally polarized light beams, and 
wherein Said phase difference means and Said polarizing 
optical means are arranged in Series to form means for 
changing polarization light Separating characteristics in 
accordance with a relationship between Spatial polarizing 
orientations thereof. 

8. The projector apparatus according to claim 4, wherein 
Said polarization controlling means is constituted of means 
having an anisotropically polarizing, rotatory medium 
capable of changing a ratio between quantities of orthogo 
nally polarized light beams. 

9. The projector apparatus according to claim 4, wherein 
Said polarization controlling means is constituted of a panel 
with pixels having an anisotropically polarizing, rotatory 
medium capable of converting a PWave and an S wave into 
an S wave and a PWave, respectively while changing a ratio 
between quantities thereof. 

10. The projector apparatus according to claim 4, wherein 
Said polarization controlling means is constituted of a panel 
without pixels having an anisotropically polarizing, rotatory 
medium capable of converting a PWave and an S wave into 
an S wave and a PWave, respectively while changing a ratio 
between quantities thereof. 

11. A projector apparatus including light Source means for 
emitting white light, light collecting means for collecting 
emergent light from Said light Source means, Video-signal 
light modulating means for Subjecting emergent light from 
Said light collecting means to optical modulation in accor 
dance with inputted Video Signals, and projecting means for 
enlarging and projecting image light from Said Video-signal 
light modulating means onto a display Screen, 

wherein Said Video-signal light modulating means com 
prises luminance-signal light modulating means and 
chrominance-signal light modulating means for modul 
lating a polarization State of the light in accordance 
with a luminance Signal and chrominance Signals, 
respectively, of the inputted Video Signals, 

Said projector apparatus comprising: 
first light distributing means for distributing the emer 

gent light from Said light collecting means to Said 
luminance-signal light modulating means and Said 
chrominance-signal light modulating means, and 

first light combining means for combining modulated 
light beams from Said luminance-signal light modul 
lating means and Said chrominance-signal light 
modulating means, 
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wherein Said first light distributing means and Said first 
light combining means are constituted of polarizing 
optical means for Separating natural light into 
orthogonally polarized light beams or combining the 
orthogonally polarized light beams, 

wherein the polarizing optical means includes a plu 
rality of polarizing optical means for Separating 
natural light into orthogonally polarized light beams 
that are disposed at Said polarization controlling 
means and Said first light distributing means Such 
that a combination of the polarizing optical means is 
used for each of a plurality of wavelength ranges. 

12. The projector apparatus according to claim 11, 
wherein the plurality of wavelength ranges are one of 
following groups (1) to (4): 

group (1): approximately 400 nm to 650 nm and approxi 
mately 550 to 800 nm; 
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group (2): approximately 400 nm to 500 nm and approxi 

mately 450 to 800 nm; 
group (3): approximately 400 nm to 550 nm, approxi 

mately 450 to 600 nm, and approximately 550 nm to 
800 nm, and 

group (4): approximately 400 nm to 550 nm, approxi 
mately 450 to 600 nm, and approximately 550 nm to 
700 nm. 

13. The projector apparatus according to claim 1 wherein 
Said first light distributing means, Said first light combining 
means, and Said Second light distributing means are inte 
grally formed as Single polarizing optical means. 

14. The projector apparatus according to claim 1 wherein 
Said first light distributing means and Said first light com 
bining means are integrally formed as Single polarizing 
optical means. 


